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Various 4,9,14,19-tetrafunctionalized pagodanes are prepared 
by a de novo route commencing from appropriately substi- 
tuted isodrin analogues (3, 4). With the 14,19-dimethoxypa- 
godane-4,9-dicarboxylic esters 30/31, isolated after 16 one-pot 
operations (ca. 40 functional changes) in ca. 6.5% overall yield 
(ca. 84% per operation, ca. 93% per functional change), the 

scope for further functional group manipulations on the pa- 
godane sphere is explored (e.g. diketone dicarboxylic ester 35, 
dimethoxy diketone 37, tetraketone 41). In two face-to-face 
dibenzo substrates (17, 49), clean photoequilibration with the 
corresponding syn-o,o’-dibenzo isomers (19, 50) (75: 25 and 
80: 20, resp.) is observed upon direct excitation (h = 254 nm). 

The [l.l.l.l]pagodanes play a central part in our quest 
for pentagonal dodecahedranes I). The Lewis-acid catalyzed 
transformation of the parent (CH)ZO hydrocarbons (A, B), 
though not sufficiently selective for extensive preparative 
utilization, was a first success2). Attempts to catalyze this 
transformation with the help of “super acids” led, instead, 
to the pagodane dication - the compensation being the 
latter’s novel 2-electron o-homoaromatic ~ h a r a c t e r ~ , ~ ) .  The 
way out of this dilemma, e.g. directed stepwise procedures 
based on the high reactivity of the central four-membered 
ring in A, originally implied - as in the Paquette synthesis5) 
- dehydrogenative transanular C-C bond formation at 
the bisseco- and secododecahedrane stages ‘). Thus experi- 
mental conditions were required, which allowed acceptable 
yields of the parent hydrocarbon, but posed a rather strict 
limitation to our early defined goal - the modification of 
the outer dodecahedrane sphere with diverse substitution 
patterns. In fact, previously incorporated functional groups 
generally did not survive these final bond forming 
procedures ’). Yet, a broad spectrum of substituents would 
tolerate a variety of methods which are established for the 
formation of C-C bonds between sp2 or between sp2 and 
activated sp3 centers. The non-trivial task to appropriately 
functionalize the pagodane framework at all four secondary 
positions (C-4, -9, -14, -19) was tackled on two independent 
tracks: Intramolecular functionalization at C-14(-19) by 
making use of the syn-4,syn-9 substituents in available pa- 
godanes (F, R’ = H, R e.g. CONH,)’) and de novo synthesis 
starting not from isodrin but from adequately functionalized 
isodrin analogues’). 

A B 

The latter approach, closely patterned after the original, 
systematically optimized pagodane synthesis lo), is detailed 
in this paper and subdivided into three stages. (i) The prep- 
aration of 11,12-disubstituted face-to-face dibenzo com- 
pounds D ([3.3]orthocyclophanes) from 11,12-disubstituted 
tetracyclododecadienes C, (ii) [6 + 61 benzo/benzo-photo- 
cycloaddition (D + E) and (iii) elaboration of the syn,syn- 
o,o’-dibenzo unit into the second pagodane cage (E -+ F). 
Implicit in the last stage are the syn-oriented functionalities 
(R’) at C-4(9) in F, leading to a simplification of the present 
project to the installation of the two functional groups at 
C-14(19) in F or at C-ll(12) in C. 

R &R-RN R 
D “ v  

E F 

Face-to-face Dibenzo Substrates (D) 

A general route to various 11,12-difunctionalized te- 
tracyclododecadienes of type C is described in the 
literature”,’*). In the end, our decision for specific substitu- 
ents was made primarily under the aspect of their survival 
under the reaction conditions applied along the total route. 
After extensive experimentation we settled for the synthesis 
as outlined in Schemes 1 and 2 with the dimethoxy-tert- 
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butoxy compound 3 as starting material. It must be stressed 
that at this exploratory stage criteria like efficiency and total 
yield were not given absolute priority, yet. After small modi- 
fications of the literature procedure, from molar amounts of 
7-tert-butoxynorbornadiene (1)13) and tetrachlorocyclopen- 
tadienone dimethyl acetal (2)14) 65% of the desired endomdo 
adducts, 40% of 3 and 25% of 4, are obtained together with 
ca. 12% of the endo,exo isomer of 4 and 5% of bisadduct. 
Separation on a molar scale by chromatography is expensive 
and time-consuming but is effected without significant loss 
of the relevant adducts 3 and 4. Both 3 and 4 have been 
utilized for the construction of pagodanes. Only the reaction 
sequence based on 3, however, is presented here in detail; 

Scheme 1 

1 2 
i I  

1 

i: Toluene, 110GC/6 h. - ii: Toluene, l10°C/16 h. - iii Na/ 
tBuOH/THF, reflux/l6 h. - iv: 85% HC1O4/HOAc/AczO/CH2Cl2, 
5 "C -+ room temp./30 min. - v: LiAl(OtBu),H/THF, room temp./ 
3 h. - v i  NaH/CH31/THF, room temp./l2 h. 

the one starting from 4 is summarized below under "Com- 
plementary Results". 

For the benzoanelation to the C4 = C5 bond in 3 the C4 
synthon 2 proved of no use: In the resulting 1: 1 adduct 
selective hydrolysis of just one of the two acetal units - of 
the carbonyl function to be eliminated on the way to 6 - 
was not possible. Use was therefore made of tetrachloro- 
thiophene dioxide (5)"); as with 2, exclusive addition to the 
C4 = C5 bond in 3 could bc assumed, since 3 had been found 
to be much less reactive than e.g. isodrin towards 2. The 
uncertainty, though, remained, whethcr this addition could 
be brought about at temperatures which the thermally 
rather labile 5 would tolerate. In boiling toluene thc still 
relatively slow but uncornplicatcd addition (16 h for total 
conversion) is followed by rapid loss of SOz and aromati- 
zation by dyotropic hydrogen transfer 16', this three-step one- 
pot sequence providing benzo intermediate 6 after crystal- 
lization from methanol in reproducible yields of 85% (molar 
scale). Removal of the eight chlorine atoms in 6 by treatment 
with sodium (not 1ithium)ltert-butyl alcohol1') to give benzo/ 
ene 7 poses no problem (91%). The latter, for obvious in- 
ductive and steric reasons, is absolutely resistant towards 2 
and 5. The second benzoanelation was therefore envisaged 
via syn,syn-dimethoxy benzo/ene 10 b, thereby also taking 
account of the observation that the OtBu group was not 
totally retained in later steps. Sequential cleavage of acetal 
and ether functionalities in 7 and acetylation (HClOdacetic 
acid/acetic anhydride)'*' to give keto acetate 8 can be 
brought about under conditions, which are sufficiently mild 
( S O C )  to exclude considerable CO elimination or skeletal 
rearrangements in the upcoming norbornenone and 7-hy- 
droxy(acetoxy)benzonorbornane parts. The practically 
quantitative yield of 8 reached on small scales is, however, 
reduced to 80 - 85% on the molar scale. The thermal lability 
of 8 - CO elimination in boiling tetrachloromethane is 
complete after four hours - has to be considered in dealing 
with this compound. With the bulky LiAl(OtBu),H reagent 
8 is reduced at room temperature to a 1 : 10 mixture of anti/ 
syn-diols 9a and 10a (83% isolated); after etherification with 
NaH/CH31 the less soluble syn isomer 10b can be easily 
separated by crystallization from methanol in 84% yield 
(m.p. 71 "C). With respect to the stability of 10a and lob, it 
must be kept in mind, that the close and syn-periplanar 
orientation of the unsaturated units (d = 2.81 A, o = 
174.6' in the parent sy~tem'~))  make these systems prone to 
transanular reactions. 

The second benzoanelation (10 -+ 17) was supposed to 
be executed in a manner similar to the first one, with 5 as 
the C4 synthon. As has been reported earlier'", the only 
feasible exo cycloaddition to the norbornene C = C bond in 
10 generates strong steric compression for the two vinylic 
hydrogen atoms [9(10)-HI, which are forced into the x cloud 
of the opposite benzene ring. It was open, to what extend 
steric repulsion exerted by the methoxy substituents in 10 
would inhibit the exo addition and thus additionally raise 
the activation barrier. And indeed, even in boiling xylene 
addition of the diene 5 to 10b proceeds relatively slowly but 
nevertheless with only minor decomposition. This route had 
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to be abandoned, however, when in the subsequent dehalo- 
genation of the resulting adduct (cf. 6) to 15 overreduction 
(i.a. 16) could not be restricted to an acceptable extent. For- 
tunately, the reaction between 10 b and the less reactive diene 
3, though taking 48 hours in boiling xylene for completion, 
provides, with strict exclusion of air, an acceptable yield of 
ca. 80% of the adduct 11; in the 'H-NMR spectrum 

= 2.26 and 815.H = 3.84 (cf. 817.H = 3.33) are indicative 
of the congested steric situation. The latter might influence 

Scheme 2 

f l  

CH3A 11 6 C H 3  

I ii 

OCH3 
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I V  iv/ 

OCH3 
14 

CHQO 

OCH3 
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OCH3 CH3O 15 CH30 

lVi \ 

OCH3 
18 

i: C7H6O2Cl4 (2)/xylene, 140"C/48 h. - ii: Na/tBuOH/THF, reflux/ 
16-24 h. - iii: 30% H2SO4/CH2CIZ, room temp./l6 h. - iv: CC14, 
reflux/8 h. - v: p-tosOH/n-butanone, reflux/l6 h. - vi: 5% Pd/C, 
200"C/20 min. 

the course of the dehalogenation; under conditions, the ap- 
plication of which has allowed us to obtain 90% yield of 7, 
13 (82(7).H = 1.84; S15.H = 5.14) is constantly accompanied 
by up to 20% of the 4,Sdihydro derivative 12 and 5% of 
unidentified components. For 13 a somewhat tedious puri- 
fication by crystallization (methanol) and chromatography 
is therefore needed. Both, two-phase acetal cleavage (dilute 
sulfuric acid, 92% of 14, vco = 1785, 1760 cm-') and CO 
elimination (boiling CCL,, 91 % of 15) are straightforward. 
The last two steps can be simplified (95% of 15) by effecting 
acid-catalyzed transacetalization and decarbonylation by 
boiling in butanone lo). 

The dehydrogenative aromatization 15 + 17 has turned 
out to be the expected critical point: The steric shielding of 
the two "inner" hydrogens (69(1+H = 1.90) is presumably 
intensified by the methoxy substituents and the latter them- 
selves are potentially subject to reductive elimination. In- 
deed, under the necessarily very forcing conditions (10% Pd/ 
C, substrate/catalyst ratio 1 : 10, 250°C, 30 min9%'0)), cleavage 
of etheral bond - in addition to the usual C-C homo- 
lysis - becomes detrimental. After extensive experimenta- 
tion with various commercial catalyst systems, a 5% Pd/C 
catalyst from Engelhardt at a substrate-to-catalyst ratio of 
1 : 10 (10- 15-g lots of 15, 200°C, 20 min) gave the best re- 
sults: By crystallization (methanol) and chromatographic 
workup of the mother liquor 45-55% of syn-ll~yn-12- 
dimethoxy dibenzo substrate 17 (in toto 16% based on 3) 
can be reproducibly separated from polymers. Besides, 
6--8% of 16, 2-5% of 18, and several small fluorescent 
components (i.a. naphthalenes) are obtained. The enormous 
amount of the expensive catalyst is regenerated by heating 
to 250°C under high vacuum. 

Concerning the almost 50% material loss in the last step 
and the choice of the starting materials, two points must be 
made: Various alternative methodologies for bringing about 
dehydrogenation in 15 once more lo) were found ineffective, 
and shortening the route by substituting 1 by the 7-methoxy 
derivative was indeed considered. Leaving open the question 
how a smaller 7-substituent in norbornadiene might influ- 
ence the adduct ratio in the reaction with 2, there is simply 
no expeditious way to this methoxy compound 13).  

3000 

E 
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[nm] 330 3io Z ~ O  zio 250 230 

Figure 1 .  UV absorption curves of 17 and 19 (isooctane) 
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The face-to-face orientation of the two benzo rings in 17 
with a closest n-n distance of ca. 3 8, finds its usual ex- 
pression in the ‘H-NMR and UV spectra. The signal of the 
aromatic protons (they are isochronous in CDC13) appears 
at relatively high field (6 = 6.59), and the unstructured long- 
wavelength c.t. absorption band seems even slightly more 
red-shifted than in the parent hydrocarbon spectrum (Figure 
1 ). 

knzo/benzo [6 + 61 Photocycloaddition (D -+ E) 
The intramolecular [6 + 61 benzo/benzo photocycload- 

dition of type D + E, aspired in 17 (+ 19), has been 
achieved for the first time for the bisdemethoxy parent com- 
pound of 17 upon direct excitation with monochromatic 
254-nm light 19’. The failure to observe a photo product upon 
irradiation with different other light sources (wave lengths) 
and the 7: 3 product ratio in the photoequilibrium has been 
- in a first approximation - correlated with the relative 
UV absorption intensities of the two photoisomers. By 
further work in the homologous series G20-23) as well as 
with other specifically designed dibenzo substrates of type 
HR,’2,24), 1’’) and K26) a delicate structure dependency of this 
photocycloaddition reaction has been brought to light. 

X jgY X- 

G H 

X 

I K 

In the present context it must be remembered that in the 
G series the member with X = CH2, Y = (CH2)2 like 17 
(X = Y = CH,) [not, however, the one with X = Y = 
(CH,), and not the diketone !SZ3)] undergoes [6 + 61 
photocy~loaddition~~’. Excluding the potential of the meth- 
oxy substituents in 17 to act as free rotors and thus to open 
a funnel for internal energy conversion in the otherwise very 
rigid molecular skeleton - an explanation provisionally ad- 
vanced for the “photostability” of the G homologue with 
X = Y = (CH2)29,27i - good chances were seen for the 
formation of 19 as part in a preparatively useful photosta- 
tionary equilibrium. Under slightly modified experimental 
conditions, 17 behaves as expected both with respect to rate 
and to specificity of the photoreaction. Irradiation of ca. 
lop2 M deoxygenated cyclohexane solutions of 17 ( E ~ ’ ,  nm = 
900) with the h = 254 nm light from a low-pressure Hg 
lamp leads to a 75: 25 equilibrium mixture with 19 ( E ~ ~ ~  om = 
2330). In preparative runs (Rayonet reactor, 15 g of 17 in 
1.6 1 of cyclohexane, which is chosen instead of isooctane 

for solubility reasons) the irradiation time for equilibration 
runs up to 12 h; yet, no thermal or photochemical side re- 
action interferes. After partial separation of 17 by crystal- 
lization (methanol), a careful chromatography (silica gel) is 
needed, however, in order to isolate 92% of 19 (based on 
converted 17). This somewhat lengthy procedure is un- 
avoidable, since a more convenient separation in a later step, 
as exercized in the original route”), is not applicable here. 

fl f-- + hv 

CH30 OCH3 CH30 OCH3 
17 19 

CH30 
21 

OCH3 

Crystalline 19 melts, when rapidly heated, unchanged at 
170- 171 “C; structure and symmetry are corroborated by 
the ‘H- and 13C-NMR spectra. With respect to the, on first 
sight, surprisingly long-wavelength UV absorption (Figure 
1) of such “benzene dimers”, it has been concluded from PE- 
and X-ray studies”) that this is mainly due to strong hy- 
perconjugative through-bond interaction between the two 
cyclohexadiene chromophors. Upon irradiation with h = 

254 nm light 19 establishes the above equilibrium situation 
with 17, with h > 280 nm light it completely isomerizes 
back to 17. 

Benzobenzo cycloadditions of the type 17 + 19 are 
highly endothermic and confer a substantial amount of 
strain to these bridged syn-o,o’-benzene dimers, the latter 
being nevertheless thermally rather stable (AAH! = 47.2 
kcal/mol, AG”(206”C) = 38.2 kcal/moi for the unsubsti- 
tuted anal~gue‘”~~)) .  In fact, this property is one of the es- 
sentials of our synthetic scheme for pagodanes (dodecahed- 
ranes). For 19, in a qualitative kinetic study in [D,]benzene 
at 150°C (‘H-NMR monitoring, sealed tube), a half-life of 
30 min has been determined. In as much as the AG* value 
of ca. 32 kcal/mol justifies any conclusion, the methoxy 
groups in 19 apparently exert a somewhat destabilizing in- 
fluence. For the kinetic stability of the parent structure of 
19 an explanation in terms of a structurally enforced con- 
certed but symmetry-forbidden cycloreversion mechanism 
via an antiaromatic transition state (21), as opposed to a 
stepwise one (20), has been pre~ented,~). In view of the en- 
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ergetic margin, on which this classification is based, the ar- 
gumentation should still hold for the present case. 

Recently, the long missing (CH),, syn-o,o'-benzene dimer 
has been described3'). In a comparison with the anti isomer3') 
[AG' (25°C) = 26.7 2.0 vs. 24.8 1- 1.0 kcal/mol] similar 
mechanistic arguments are invoked to account for the sur- 
prisingly higher kinetic stability of the syn dimer 30). Thus, 
the cage effect in our bridged syn-0.0'-benzene dimers can 
be quantified to some 12(6) kcal/mol. 

No mechanistic details of the still rather unusual benzo/ 
benzo [6 + 61 photodimerization r e a ~ t i o n " - ~ ~ ' ~ ~ )  are avail- 
able yet, no experimental information as to the relevant 
excited state(s) and as to the importance of initial charge 
transfer 33). It is also unknown, whether the photoreversion 
19 +. 17 follows the adiabatic pathway established for the 
fragmentation of the parent syn-o,o'-benzene dimer3'). 

To summarize the preparatively relevant aspects of this 
second stage: The need for the monochromatic 254-nm light 
source with its low light flux and the unfavourable equilib- 
rium position make the production of larger amounts of 19 
very time- and labour-consuming. Thanks to the absence of 
any photochemical side reactions, the overall yield, however, 
as stated for the first step (ca. 16% based on 3), is only 
insignificantly affected. 

4,9,14,19-Tetrasubstituted Pagodanes (F) 
The conversion of the syn-o,o'-dibenzene part of 19 into 

the second bird cage unit of the [l.l.l.l]pagodane skeleton 
(30, 31), delineated in Scheme 3, requires the construction 
of additional six cyclopentane rings. Two of them result from 
the domino-Diels-Alder reaction with maleic anhydride 
(MA) (23), the other four from the double photo-Wolff ring 
contraction on the [2.2.l.l]pagodane level (28). For the ini- 
tial addition step 19 -+ 22, the assumption of a somewhat 
higher activation barrier was primarily based on the con- 
sideration that steric shielding of the outer cyclohexadiene 
faces by the syn-15,lg-hydrogen atoms, as a consequence of 
some buttressing between the 17(20)-hydrogen atoms and 
the CH,O groups"), would become more effective - in the 
worst case even giving an edge to the thermal retrocleavage 
19 -+ 17 at consequently higher reaction temperatures. An- 
other potential complication was seen in the improved situ- 
ation for an inside pincer-type attack at  19, as indeed had 
been realized with changing preference for sterically less de- 
manding acetylenic dien~phi les~~).  As it turned out, the MA 
addition to 19 needs no special thermal activation; at 100°C 
the reaction is complete after 16 h and provides exclusively 
the domino adduct 23 in optimal (> 98%) yield. The prin- 
cipal features of the [2.2.l.l]pagodane skeleton 23, C, sym- 
metry and anti-cis arrangement [anti (syn) with respect to 
the cyclobutane ring, cf. ref.z3) in ref.")] of the anhydride 
ring, are unambiguously demonstrated in the 'H- and 13C- 
NMR spectra. Mechanistically, the two-step pathway with 
intervention of 22 had been inferred from  calculation^^^) as 
well as from relative rate enhancements and stereoselectiv- 
ities in related high-pressure versus ambient-pressure 
experiments3@. The almost colinear CT alignment of the K 
lobes at a distance of possibly less than 2.9 A in the inter- 

mediate 22 is certainly a good reason for the rapid collapse 
into 23. The oxidative degradation of 23 to the dimethoxy 

Scheme 3 

19 

1 '  1 

J I iv 

27 

- 
26 

- 28 L 29 

J 

6 

30 
C O ~ C H ~  

31 

i: MA/toluene, 10O"C/l6 h. - ii: KOH/CH,OH, 12OCC/12 h. - 
iii: Cu20/2,2'-bipyridine/quinoline, 155 T I 2  h, 185 TI48  h. - iv: 
Cu20/2,2'-bipyridine/HzO/quinoline, 140"C/16 h, 185 TI36  h. - 
v: BzH6/THF, 0°C .+ room temp.14 h, NaOH/H202, 0°C -P room 
temp./2 h. - vi: Jones reagent/acetone, 0°C -+ room temp./2 h. - 
vii: HC02CH3/NaH/THF/catalytic CH,OH, room temp./l6 h; 
p-tosN3, room temp./CHzClZ/8 h. - viii: CH30H, high-pressure Hg 
lamp, Pyrex, room temp.14 h. Mixture of regioisomers. 
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30 
-a 
73 

38b 
n - 
m - 

Table 1 .  ‘H- and “C-NMR data (CDCl,) lor selected [1.1.1.1]pagodancs 

~ ~ ~ ~ ~ ~ ~ _ _ _ _ _ _  

61.6 43.8 44.2 57.5 58.1 93.2 55.6 173.2151.4 57.1 
62.2 43.8 49.2 57.7 57.5 35.0 60.9 172,9151.8 - 
62.6 44.4 45.9 57.5 58.6 209.2 46.5 171.6152.1 - 
60.0 45.8 44.6 210.2 47.7 93.0 57.1 57.5 
61.9 44.2* 44.9* 90.7 50.6 93.8 56.3 

- 
- 56.5157.2 

61.3 45.7 46.0 118.8 46.7 209.2 54.1 - 50.6151.3 

1 -H 3 -H 13-H 4 -H 
(2,11,12) (5,8,10) (15,18,20) (9) 

- 2.67 2.33 2.85 
2.74 2.63 2.92 
2.90 2.28 3.04 
2.25 2.52 - 
2.28 2.28 3.69 
2.59 2.28 - 

- 
- 
- 
- 
- 

6 -H 
(7) 

2.81 
2.77 
3.09 
3.35 
2.55 
3.23 

14-H 16-H 
(19) (17) 

3.50 3.19 
3.70 3.59 - 3.19 
3.85 3.52 
4.46 3.24 - 3.27 

CO2CH3 OCH3 

3.64 3.23 
3.63 - 
3.57 - 
- 3.30 - 3.2013.27 
- 3.0813.27 

c-3 C-13 C-4 C-6 C-14 C-16 1 CO2CH3 OCH3 1 (2,?;:12) (5,8,10) (15,18,20) (9) (7) (19) (17) 

diene 25 proved more problematical than expected: After 
standard saponification, treatment of the resultant diacid 
mixture (98% 24) with complexed C u 2 0  in hot q ~ i n o l i n e ~ ~ ’ ,  
the yield of 25, crystallized from ether, never exceeded 56%. 
This relatively modest result could not be improved by 
modifying the degradation procedure, as e.g. treatment of 
23 with CuzO in the presence of small amounts of water1’) 
or by change to conventional lead tetraacetate oxidation 
(20% 25)’”,38’. Under the necessarily very drastic conditions, 
side reactions hampering the catalytic dehydrogenation 
15 -+ 17 (C - C and C - 0 cleavage) are presumably inter- 
vening. 

CZv symmetry in the air-insensitive and thermally re- 
markably stable diene 25 (m.p. 224”C, vcZc = 1620 cm-’) 
is reflected by the six ‘H- and seven I3C-NMR skeletal sig- 
nals. The following steps from the [2.2.l.l]pagodadiene 25 
to the [l.l.l.l]pagodanedicarboxylic esters 30 (31) were 
straightforward. anti-Specific hydroboration of the two dou- 
ble bonds in 25 with a large excess of diborane - in order 
to prevent formation of insoluble polymeric alkylboranes - 
followed by oxidation provides after crystallization from 
methanol 86% of a statistical mixture of C, and C2 dime- 
thoxy diols 26 (only one isomer is shown in Scheme 3). For 
the subsequent Jones oxidation the latter purification step 
may be omitted. Starting from the crude mixture of diols 
and inorganic salts the yield of C, and C2 dimethoxy diones 
27 (vcE0 = 1710 cm-’) is nearly quantitative (94%, 97% 
from the isolated diols). Comparably efficient is the one-pot 
formylation/diazotization procedure leading to an oily 1 : 1 
mixture of yellowish C,  and C2 bisdiazoketones 28 (92%). 
For spectroscopic characterization the C, isomer has been 
enriched (3 : 1) by repeated crystallization from methanol. 
After irradiation of a dilute CH2C12/methanol (ca. 1 : 10) so- 
lution of isomers 28 with the Pyrex-filtered light of a high- 
pressure mercury lamp (h > 280 nm) to total conversion 
(the yellow colour vanishes, 3 -4 h), the crude solid material 
according to NMR and TLC analysis consists of two mono- 
meric components in a 9: 1 ratio. After crystallization, their 
separation is effected chromatographically. Differentiation 

as C2” and C, symmetrical tetrafunctionalized pagodanes 30 
(m.p. 276”C, 77%) and 31 (m.p. 195’C, 8%), respectively, 
primarily rests on the ‘H- and ”C-NMR spectra (Table l), 
which can be completely assigned by means of selective de- 
coupling and NOE measurements. It must be recalled that 
in the pagodane skeleton the dihedral angles between meth- 
ylene and vicinal bridgehead hydrogens are very similar 
C59.2” (syn) versus 65.0” (anti) in 13 and do not vary much 
with substitution. The vicinal coupling constants are there- 
fore correspondingly small and, if measurable at all, not very 
instructive. A direct manifestation of anti-positioned sub- 
stituents is the deshielding of the neighbouring “ridge” hy- 
drogens (6-, 7-, 16-, 17-H). Thus the 16(17)-H signal for 30 
resonates at 6 = 3.19 (3.22 for 31) (Table l), that for A at 
6 = 2.60. In control experiments, 30 and 31 are found to 
stay intact under the given reaction conditions, the protona- 
tion during addition of methanol to the intermediate ketenes 
(e.g. diketene 29, though not probable) does not proceed 
therefore anti-specifically”). For 30 and 31 taken together, 
the overall yield for this third stage, starting from 19, 
amounts to 41%. Thus, with the ca. 16% for the two pre- 
ceeding stages, the overall yield for the multistep sequence 
starting from 3 is restricted to ca. 6.5%. Still, this means 
84% per operation or 93% per functional change. 

For reasons which have been detailed in another con- 
text 8,9i, the R,R’ functionalities ear-marked for the final 
C - C bond formations on the pagodane (F) + dodecahed- 
rane route (cf. A + B) have to be installed right at the 
pagodane stage, that is before reaching the (bis)secodode- 
cahedrane stages. With a supply of ca. 5 g of 30 and 31, 
“scope and limitations” for functional group manipulations 
on the pagodane surface could be further explored - with 
special attention being paid to the introduction of sp2-hy- 
bridized X,Y groups as e.g. the carbonyl functions in dike- 
tones 35/37 and tetraketone 41. Previous limitations to such 
an endeavour have been caused by insufficient integrity of 
the central four-membered ring and by a lack of reactivity 
of “caged” syn-fixed substituents ‘j. Some of the complica- 
tions encountered in these preparations, specifically of 41, 
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are directly related to the appreciable increase in strain en- 
ergy, when in the [l.l.l.l]pagodane skeleton CH2 units 
(C-CH2-C angle = 96.1")"' are substituted by C = O  
functions. AH: and E,,, energies as calculated by MM2 
(MM3)40' have been of explanatory as well as exploratory 
help in our pagodane/dodecahedrane activities I! The rele- 
vant data for the parent pagodane (A), the 4,9-di- and the 
4,9,14,19-tetraketone (41) as well as for dimethyl acetals de- 
rived from 41 are presented in Table 2. The strain increase 
in going from hydrocarbon A to tetrone 41 runs up to re- 
spectable 18 kcal/mol, with the increment per CO function 
increasing in every substitution. An unusually high tendency 
in 41 towards hydrate and acetal formation is the conse- 
quence. It is the steric situation in the pagodane half cages, 
however, which in the end determines the outcome of acetal 
(hydrate) formation: Clear favourites in the reaction with 
methanol are the diacetals 43 and 44. The energetic com- 
promise between counteracting hybridizational and com- 
pressional changes is inter aha recognizable in the 8 kcal/ 
mol strain increase for the diacetal with two CH30 groups 
being forced into the same pagodane half-cage, or in the ca. 
5 kcal/mol strain decrease on going from the latter diacetal 
to the triacetal. The prediction is save in that transanular 
acetal (hydrate) formation (as in 45) - that is insertion of 
0 bridges between neighbouring CH2 groups of the pago- 
dane skeleton - is energetically no alternative. 

First, we addressed ourselves to the task of converting 
the CH30 substituents in 30 into potential anti-positioned 
leaving groups and thus to the problem to specifically cleave 
the etheral CH30 bonds to obtain anti,anti-diol diester 32a. 
From several methods investigated, the one using iodotri- 
methylsilane (TMSI)4i) and specified conditions (small ex- 
cess, O'C, 4 d), emerges as superior. The high yield of 93% 
crystalline 32a achieved after methanolysis of bis(trimethy1- 
silyl) ether 32b is bound to the strict absence of free iodine 
in the reagent (colourless, freshly distilled4')). In 32 a, the 

Table 2. Calculated (MM2) AH? and E,,, energies (kcal/mol) for 
selected pagodane ketones and derived dimethyl acetals 

A 
4.9-Dione 'O) 

41 
Monoacetal 
43 
44 
4,19-Diacetal a) 

Triacetal 
Tetraacetal 
45 
Bridged acetalb) 

64.4 
18.7 

-22.10 
- 82.50 
- 139.00 
- 139.60 
-131.60 
- 188.40 
-210.90 
- 70.71 
- 102.00 

115.0 
121.5 
132.80 
124.20 
1 1  8.80 
11 8.90 
126.90 
121.90 
153.50 
141.50 
170.00 
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anti-OH groups are sterically easily accessible, thus esteri- 
fication poses no problems. The prototypical bis(benzene- 
sulfonate) 32c is isolated in 85% yield (not optimized) under 
standard conditions. An unexpectedly expeditious access to 
the corresponding anti,anti-diiodide 33 (91 YO) was discov- 
ered in the treatment of 30 with a large excess of TMSI (10 
equivalents) under reflux. Because of the strain increase con- 
nected with sp2 hybridization at C-14(19) (32'), an expla- 
nation for the retention of configuration at these centers 
based on anchimeric assistance by the ideally placed syn- 
ester groups (32") seems plausible. Insertion of two-atom 
bridges into the [l.l.l.l]pagodane skeleton as formulated 
in 32" is energetically reasonable and has been experimen- 
tally An analogous SNi-type course seems also 
operative in the highly stereoselective halogen exchange tak- 
ing place when diiodide 33 is exposed to excess bromine; 
besides anti,anti-dibromide 34, isolated in 79% yield by crys- 
tallization, no other bromide can be detected (lH NMR, 
TLC). With respect to the mechanism of the stepwise cyclo- 
butane opening in pagodanes '), the observation that 34 is 
formed with comparable selectivity by irradiation with the 
standard light source'') is noteworthy. Iodine obviously 
quenches the bromine addition to the four-membered ring 

? R H Si(CH,), SO,C,H, 

RO 

cn302c S H  co2cn3 cn302c RyJ=& 
".OCH3 

32' 32" 

i: TMSI/CHC13, OT/4  days, CH30H. - ii: C6HSSOzCl/pyridine, 
room temp./24 h. - iii: TMSI/CHC13, reflux/24 h, CHzNZ, room 
temp. - iv: Br2/CH2CIZ, room temp./24 h. - v: Jones reagent/ 
acetone, room temp./l h. 
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whilst it is itself not added. As noted by Pinkos'), in the 
absence of iodine the cyclobutane ring in dibromide 34 is 
amenable to (slightly modified) standard opening condi- 
tions. 

High-yield oxidation of diol diester 32a to dione diester 
35, with the syn-l4,syn-l9-hydrogens being hidden in the 
lateral pagodane caves, seemed not trivial in view of the 
problems faced in the dehydrogenation of 15. Perhaps it 
is for this reason, that with various otherwise proven oxid- 
izing reagents in aprotic medium (Collins44), pyridinium 
~ h r o m a t e s ~ ~ ) )  the results remained unsatisfactory. Yet with 
the Jones reagent in aqueous acetone 35 is selectively formed 
and reproducibly isolated in 94% yield after crystallization 
from CH2C12/methanol; the needles melt at 315 - 316°C 
without decomposition. Hydrate or acetal formation, steri- 
cally anyway only feasible with participation of the neigh- 
bouring ester groups, is no problem in dealing with 35. Be- 
cause of the acidity of the medium in the Jones oxidation 
procedure, the bissilyl ether 32 b as arising from the cleavage 
of 30 can be directly making the isolation of the 
hardly soluble diol 32a unnecessary and shortening signi- 
ficantly the route to 35. The strain in the norbornanone 
substructures of 35 manifests itself in the CO IR frequency 
of 1770 cm-', in the MS fragmentation pattern (loo-% sig- 
nal: rn/z = 348 [Mf - 2 CO]), and in the CzI; symmetry 
in the NMR spectra with five 'H- and seven 13C-NMR skel- 
etal signals. 

For the preparation of dimethoxy dione 37 from dime- 
thoxy diester 30 (31), a slightly modified version"' of the 
Trost method4?) once more proved as the one of choice. After 
complete twofold deprotonation of 30 at C-4(9) by LDA - 
controlled by the addition of triphenylmethyl anion 
indicator4') - and stereospecific attack at  32'- by the rel- 
atively voluminous dimethyl disulfide at O"C, the unti,anti- 
bis(methy1thio) derivative 36 is exclusively formed (TLC) 
and isolated in 94% yield. Starting from 31, in order to 
suppress side reactions (i.a. amide formation with the more 
reactive anti-ester group), deprotonation has to be effected 
at -78°C at the expense of longer reaction times (5  h). With 
82% 36 based on 31, separation of the original 30/31 mix- 
ture is therefore not needed for the preparation of sterically 
uniform 36. In the latter, because of strong steric interference 
between the ester groups and the opposite 14,19-hydrogen 
atoms - not similarly effective in 30 and 31 - C1 and C, 
symmetrical atropisomers are discernible in the NMR spec- 
tra at recording temperatures. This phenomenon might be 
taken as a manifestation for buttressing interactions of the 
kind formulated for 19, here between "ridge" hydrogens 
(6-, 7-H) and CH3S substituents. A cage situation tighter 
than in 30 is also held responsible for the very sluggish ester 
hydrolysis with 36, which only in boiling ethylene glycol 
proceeds sufficiently rapid. After one-pot oxidation with N- 
chlorosuccinimide and acetal hydrolysis, crystalline Czu sym- 
metrical (NMR, Table 1) dimethoxy diketone 37 (vcz0 = 
1760 cm- ') is collected after crystallization from CH2C1,/ 
ether in 88% yield in the form of colourless crystals, melting 
without decomposition at 219 - 220°C. As with 35, there are 
no complications caused by hydrate formation. LiA1H4 re- 

duction of the ketone functions in 37 delivers hydride ions 
anti-specifically, as expected. For convenience, diol 38a is 
characterized after alkylation as syn,syn,anti,anti-tetrame- 
thoxypagodane 38b. Notable features in the 'H-NMR spec- 
trum (Table 1) are 614(19).H = 4.46 [S4(9).H = 3.691 as an ex- 
pression of steric strain and 616(17).H = 3.24 [66(7 ) .~  = 2.551 
as a manifestation of the anti-position of the neighbouring 
OCH3 groups. 

Scheme 5 

30 (31) 

li . 
CH30 OCH, 

h l  

ii 

I 

CH3S SCH, 
36 

37 38 

i: LDA/THF, -30°C -+ room temp./_? h. - ii: CH,SSCH3/1 h, 
room temp. - iii: KOH/ethylene glycol, reflux/24 h. - iv: NCS/ 
CH30H/CHZCl2, room temp./l6 h. - v: HCI (concd.)/CHzClz, 
room temp./l6 h. - vi: LAH/THF, reflux/l h. - vii: NaH/CH31/ 
THF, room temp./24 h. 

With diketones 35/37 at hand, tetraketone 41, a promi- 
nent pagodane derivative offering various synthetic options, 
seemed an easy prey - an illusion, as was quickly learnt. 
Application of the Trost method - so successful with 30 
(31) - to 35 is wrecked at the thioalkylation step: Under 
various conditions, chosen in order to slow down inter- 
molecular aldol-type competition reactions, repeatedly only 
trace amounts of 39 were detected among polymers. Ob- 
struction by the carbonyl groups also complicates the con- 
version of 37 to 40a, which is attempted under the condi- 
tions optimized with 30 (31). For whatever reasons and sur- 
prisingly in view of known ether cleavages in ketonic 
substrates4'), 37 does not react at all with TMSI at 0°C; 
higher reaction temperatures lead to complex product 
mixtures containing only minute quantities of 40 a(b). After 
extensive experimentation with alternative procedures (i.a. 
acetyl chloride/ZnC12, acetic anh~dr ide /FeCl~~~) ;  NaI/ 
H,P04/acetic anhydride 50)) partial success was achieved with 
HBr/glacial acetic acid/acetic anhydride "I. Under forcing 
conditions (120°C, pressure flask) from a slowly (16 h) evolv- 

Chem. Ber. 124 (1991) 1271 - 1289 



4,9,14,19-Tetrafunctionalized Pagodanes 1279 

ing complex product mixture, after acetylation, the major 
component (50%) crystallizes from ether/hexane and is iden- 
tified as the desired diacetoxy diketone 40c (m.p. 
302 - 304 "C; vc = = 1760 cm- '; S14(19).H = 4.94). When the 
difficulties in the isolation and manipulation of tetrone 41 
have been found to exclude its broader preparative utiliza- 

Scheme 6 

35 

T 
37 
1 i ii 

OR' 

39 40 
I 

Y no IiV OH 
t 

odx CH30 XiH3 
0ss -0 

CH30 0% 
41 42 

t 1 iv + iv 1 iii 
RO 

43 44 

R 0. 

45 

O=&: 0 

0 os 
0- -0 

46 

i: HBr/HOAc/Ac20, 120"C/16 h. - ii: KZC03/CH30H, room 
temp./l6 h. - iii: Collins reagent/CH,CI,, room temp./l h. - iv: 
p-tosOH/CHIOH, reflux/48 h. 

tion, the step 37 + 40 has not been optimized any more 
(e.g. by use of boron t r i h a l i d e ~ ~ ~ )  or lithium th i~ la tes~~ ' ) .  Mild 
transesterification of 40c (K2C03, methanol, room temper- 
ature, O'C) furnishes quantitatively the diol diketone 40a, a 
microcrystalline, hardly soluble powder, m.p. > 320 "C, 
which crystallizes from CH30H/CH2C12 and is sufficiently 
soluble in [D6]DMS0 for 'H- and I3C-NMR spectroscopic 
characterization (vcz0 = 1760 cm-', 614(19).11 = 3.97). 

Oxidation of 40a with Cr03  in anhydrous pyridine/ 
CHzC12 neatly produces a colourless solid, soluble in water 
and methanol, slightly in hot [D,]DMSO, insoluble in 
CH2C12. 'H-NMR analysis in - supposedly not perfectly 
anhydrous - [D6]DMS0 does, however, not allow to def- 
initely identify the DZh symmetrical 41 (with only two 'H 
signals) among a rather complex mixture of hydrates. At- 
tempts for thermal dehydration (15OoC, lo-' Torr) do not 
lead to a uniform product; intermolecular half-acetals of 
type 46 are probably involved. The at least transient pres- 
ence of 41 is inferred from the reaction of the crude oxidation 
product with refluxing methanollp-tosOH. The resulting 
solid residue (74% based on 40a) is spectroscopically (IR, 
MS, 'H and 13C NMR) identified as a 7:4 mixture of the 
diketo diacetals 43b and 44b. By a reversed procedure the 
7: 4 ratio is established as thermodynamically controlled, 
and isomer 44b is obtained in pure form. To this end, 40a 
is first transformed into diol diacetal 42, which, without 
purification, is oxidized under Collins conditions. From the 
finally homogeneous solution, 44b [m.p. > 320"C, vc=o = 

1760 cm-'; 616(17).H = 3.271 is isolated in high yield (88% 
based on 40c); it equilibrates in boiling CH,OH/p-tosOH 
to the above cited 4: 7 mixture with 43 b via several 'H-NMR 
spectroscopically not distinguishable intermediates. Yet, 
even starting from uniform 44b and using variously modi- 
fied strategies for the acid-catalyzed acetal cleavage or trans- 
acetalization (i.a. against chloral under special water-bind- 
ing precautions), we have never obtained the obviously ex- 
tremely hygroscopic tetrone 41 without substantial amounts 
of different hydrates. Since 41 is a prototype of dodeca- 
hedrane precursors, in which final bond formations can be 
effected between sp2 hybridized centres, the search for a 
sufficiently economic and efficient synthesis will be con- 
tinued; progress in the strategy for functionality variation 
in pagodanes8) could provide the necessary prerequisites. 

Complementary Results 

Starting from 4, the minor (25%) isodrin analogue of 
Scheme 1, in a synthetic route closely patterned after the 
one presented above for 17 in Schemes 1 and 2, we have 
prepared the face-to-face syn-I l,anti-l2-dimethoxy dibenzo 
substrate 49 via 47 and benzojene 48. There are no signifi- 
cant discrepancies with regard to the course and outcome 
of the individual steps, and only the analytical data of rel- 
evant compounds are therefore listed for comparison in the 
experimental section. Two aspects deserve to be stressed, 
though: (i) The UV spectra of the phototautomers 49 $ 50 
closely resemble those of 17 + 19 (Figure I), the photo- 
equilibrium position has consequently been found to be very 
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similar (80: 20). (ii) The two cyclohexadiene units in syn-o,o'- 
dibenzene 50 can be perfectly discriminated in cycloaddition 
reactions. Steric protection of the cyclohexadiene side next 
to the anti-CH,O substituent is such that MA adds exclu- 
sively to the other side to give domino adduct 51. The latter 
has not been taken further on the route detailed for domino 
adduct 23 in Scheme 3. 

tified as the bridged dihydrotetracene 54, supposedly arising 
from dibenzo methoxy ketone 53. In the mixture of up to 
10% of dibenzo compounds none contained tert-butyl 
groups ('H NMR). Obviously, the tert-butyllether linkage 
does not survive the dehydrogenation step. The postulated 
intermediate 53 is known to us as a precursor in the gen- 
eration of dibenzo diketone 55 from 17. Compound 55 
serves as a pivotal synthon for structure variations in the 
dibenzo series G .  In irradiation experiments both with 53 
and 55, [6 + 61 benzo/benzo cycloaddition could not com- 
pete with CO extrusion23). 

Finally, the principal merits of the pagodane synthesis 
outlined here and which formally implies one C I 2  and two 
C4 synthons shall be emphasized by shortly abstracting two 
alternative approaches to face-to-face dibenzo intermediates 
related to type G (60, 61)22'. These (X = CH2 or 0, NR), 

- / 
\ 

X X X 
OCH, 

CHjO 
56 57 58 59 49 50 

CH30 

60 61 

It has still to be explained, why the detour of replacing 
the tert-butoxy group in intermediate 7 (chart 1) was taken. 
After 52, derived from 7, had been exposed to the dehydro- 
genation conditions, from a plethora of hydrogenated, de- 
hydrogenated, non-fluorescent, and strongly fluorescent 
products the main one (up to 30%) was isolated and iden- CH3 

62 63 ' 
7 

__t 

65 
64 J 52 oteu 

0 

66 

0 

67 
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twofold benzoanelated derivatives of the parent syn- 
sesq~inorbornatriene~~), are expected to allow special sub- 
stitution patterns as well as introduction of hetero elements 
in the final pagodanes. The (CsX + CloX) route (56 + 57) 
led, independently of the nature of the X elements, to [S + 
23 adducts of wrong stereochemistry, in line with prior 
studies"'. On the (C, + CI2X2) route (58 + 59), preparative 
limitations were already recognized in the preparation of 
the 59 components. With a small sample of the hydrocarbon 
62 (59, X = CH2) exploratory cycloaddition experiments 
could be performed: N-methyltriazoline-3,5-dione is exclu- 
sively added from the “bottom” (63), MA and dicyanoacet- 
ylene from the “top” (64,65). In close analogy to the parent 
hydrocarbon 54), the highly pyramidalized 65 is readily oxid- 
ized in the air to epoxide 66, which upon exposure to an 
Osram 300-W daylight lamp undergoes [6 + 21 benzo/ene 
cycloaddition to give 67. 

Summary 

The application of the (modified) original scheme for con- 
structing the pagodane skeleton to the preparation of spe- 
cifically polyfunctionalized derivatives was, in principle, suc- 
cessful. Thus, functionality modifications on the pagodane 
sphere and consequences of such functionalities to the next 
step en route to polyfunctionalized dodecahedranes, namely 
the opening of the four-membered ring (oxidation po- 
tent ia l~~~’) ,  could be further explored. Yet, there is a major 
deficiency of this de novo synthesis: The overall yield of ca. 
6.5 YO for the tetrafunctionalized pagodanes 30 and 31 (based 
on 3) is considerable lower than the ca. 30% yield achieved 
for the pagodane diester (based on isodrin) in the original 
route (55 in ref.”’). To a large extent, the material loss ori- 
ginates from two intrinsic steps (aromatization by high-tem- 
perature dehydrogenation, ene formation by oxidative de- 
carboxylation), so that not much room is left for optimi- 
zation. Clearly, wide-range applications in the dodeca- 
hedrane project are not in sight. Yet, the 1 lJ2-difunction- 
alized dibenzo intermediates of this scheme (e.g. 17, 49) are 
broadly utilized for the preparation (via diketone 55) of pho- 
tomechanistically as well as preparatively valuable homol- 
ogous and more or less rigid photosubstrates of type G. 
Fortunately, the breakthrough in our dodecahedrane pro- 
jcct came from the alternative track towards 4,9,14,19-tetra- 
functionalized pagodanes, in which the required function- 
alitics are introduced only after reaching the pagodane 
stage 83s7’ .  
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Experimental 
Melting points (m.p.): Bock Monoscop M. - Analytical TLC: 

Mcrck silicagel plates with FZ54 indicator. - Flash chromatogra- 
phy: 0.04-0.06 mm silica gel, Macherey & Nagel. - Analytical 

GC: Varian 3700, glass capillary column 25 m, OV 17, FID; inte- 
grator Varian CDS 111. - ‘H NMR: Bruker WM 250, WM 400. 
- ‘,C NMR: Bruker WP 80, WM 250, WM 400. Chemical shifts 
relative to TMS (6 = 0), coupling constants in Hz; if not specified 
differently the 250-MHz spectra are given; assignments denoted by 
* can be interchanged; assignments denoted by refer to atrop- 
isomers. - 1R: Perkin Elmer 457, Philips PU 9706. - UV: Perkin 
Elmer Lambda 15. - MS: Finnigan MAT 44S, EI, 70 eV, if not 
specified differently. - PE 30/50 = petroleum ether (30-50°C). 

(ls(,2B,3a,6c1,7P,8c)-syn- 12-tert-Butoxy-l,8,Y,f 0-tetrachloro-4,s- 
(tetrachlorobenzo) tetracyclo[6.2. ~.13.6.0z,7]dodec-4-en-l 1-one Di- 
methyl Acetal (6): A solution of 3 (30.0 g, 70.0 mmol) and tetra- 
chlorothiophene dioxide (5) (20.0 g, 78.8 mmol) in toluene (25 ml) 
is heated at reflux for 16 h with N2 permanently bubbling through. 
After cooling to 50°C methanol (50 ml) is added, whereupon the 
product crystallizes from the yellowish solution. After 2 h at -20°C 
37.0 g (85%) of 6, colourless crystals with m.p. 277 “C are obtained. 
- 1R (KBr): 0 = 2960 (C-H), 2920 (C-H), 2840 (C-H) cm-’. 
- ‘H NMR (CDCI3, 400 MHz): 6 = 3.72 (s, OCH,), 3.69 (m, 2-, 
7-H), 3.63 (s, OCH,), 3.59 (m, 3-, 6-H), 3.57 (m. 9-, 10-H), 3.56 (m, 
12-H), 1.20 [s, OC(CH,),]. - 13C NMR (CDCI,, 100.6 MHz): 6 = 
140.4 (C-l’, -2’), 131.8 (C-4’, -5’), 128.3 (C-3’, -6’), 109.9 (C-ll), 88.3 
(C-12), 75.8 [OC(CH,),], 72.4 (C-I, -8), 59.7 (C-9, -lo), 51.7 (OCHS), 
51.1 (OCH3), 49.4 (C-2, -7), 49.2 (C-3, -6), 28.1 (3 CHJ. 

C22H22C1803 (618.0) Calcd. C 42.75 H 3.59 
Found C 42.51 H 3.54 

( la ,2B,3~,6~,7j ,8a)  -45- Benzo-syn-12-tert-butoxy~etracyclo[6.2. 
i.13~6.02~7]dodeca-4,9-dien-/ /-one Dimethyl Acetul (7): A solution of 
6 (117.4 g, 0.19 mol) in dry THF (1.5 1) and tert-butyl alcohol 
(281.2 g, 3.80 mol) is brought with stirring to the boil. Small pieces 
of sodium (104.9 g, 4.56 mol) are added in portions (3-5 g each) 
against a stream of N2 to ensure constant boiling of the reaction 
mixture. After the addition is completed, the solution is heated to 
reflux for 12 h, then, after cooling to room temp., PE 30/50 (500 ml) 
is added. After pouring on ice (ca. 500 g) and extraction with ether, 
the organic phase is washcd repeatedly with water, dried (MgSOJ, 
and concentrated in vacuo. The obtained uniform (TLC) colourless 
material is crystallized from methanol: 7 (59.0 g, 91 %), colourless 
crystals, m.p. 99 “C. - IR (KBr): 0 = 3030 (arc  - H), 2960 (C - H), 
2845 (C-H) cm-I. - UV (CH3CN): h,,, ( E )  = 279 nm (980), 274 
(1000). - ‘H NMR (CDCI3, 400 MHz): 6 = 7.06 and 6.92 (AA’BB’, 
3’-, 4‘-, 5’-, 6-H) ,  4.74 (m, 9-, 10-H), 3.53 (m, 12-H), 3.24 (s, OCH3), 
3.24 (m, 2-, 7-H), 3.02 (m, 3-, 6-H), 2.99 (s, OCH3), 2.70 (m, 1- ,  8- 
H), 1.22 [s, OC(CH&]. - ‘H NMR (C6D6): 6 = 7.00 and 6.85 
(AA’BB’, 3’-, 4‘-, 5’-, 6’-H), 4.91 (m, 9-, 10-H), 3.57 (m, 12-H), 3.54 
(m, 2-, 7-H), 3.14 (s, OCH3), 3.06 (m, 3-, 6-H), 2.96 (s, OCH,), 2.74 
(m, 9-, 10-H), 1.06 [s, OC(CH,),]. - I3C NMR (CDCI3, 100.6 MHz): 
6 = 143.0 (C-4, -5), 126.6 (C-9, -lo), 126.1 (C-4, -53, 122.9 (C-ll), 
122.5 (C-3’, -6’), 89.4 (C-12), 73.8 [OC(CH,),], 51.5 (OCH3), 49.7 
(OCH3), 50.2 ((2-3, -6), 46.2 ( G I ,  -8), 41.9 (C-2, -7), 28.4 (3 CH,). 

CzzHZ8O1 (340.4) Calcd. C 77.61 H 8.28 
Found C 77.35 H 8.01 

(la,2b.3a,6a,7b,8%) -syn-12-Acetoxy-4,5-henzotetracyclo/6.2. 
1.13~6.V2~7]dodeca-4,9-dien-l I-one (8): A solution of 7 (20.0 g, 58.8 
mmol) in CH2C12 (20 ml), acetic acid (100 ml), and acetic anhydride 
(22 ml) is cooled to 5”C, then perchloric acid (12.0 g, 70%) is added 
quickly. After warming to room temp., the mixture is stirred for 
30 min, poured on ice (1 kg) and extracted with CH2C12 (4 x 
200 ml). The organic phase is washed with water (3 x 200 ml) and 
satd. NaHCOS solution (3 x 200 ml), dried (MgS04), and concen- 
tratcd in vacuo. The solid residue is crystallizcd from ether: 8 (13.9 g, 
840/0), colourless crystals, m.p. 139°C. - TR (KBr): 0 = 3060 
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(arc - H), 3020 (arc - H), 2980 (C - H), 2920 (C - H), 1765 (C = 0), 
1730 (C=O), 1220 (C-0) cm-'. - UV (CH,CN): h,,, ( E )  = 

278 nm (450), 273 (480). - 'H NMR (CDC13): 6 = 7.11 and 6.99 
(AABB', 3'-, 4'-, 5'-, 6'-H), 5.06 (m, 9-, 10-H), 4.50 (m, 12-H), 3.50 
(m, 3-, 6-H), 3.06 (m, 2-, 7-H), 2.90 (m, 1-, 8-H), 2.08 (s, OCOCH,). 
- 13C NMR (CDC13, 100.6 MHz): 6 = 197.2 (C-ll), 170.2 
(OCOCHJ, 140.3 ((2-4, -9, 127.6 (C-4', -5'), 123.8 (C-9, -lo), 123.2 
(C-3', -6'), 85.1 (C-12), 49.7 (C-1, -8), 48.3 (C-3, -6), 39.0 (C-2, -7), 
21.0 (OCOCH,). 

CIRH1603 (280.3) Calcd. C 77.12 H 6.10 
Found C 76.88 H 6.05 

( 1  a,2P,3a,62,7l~,8a~-4,5-Benzotetracyclo[6.2.1 .13~6.02~7/dodeca- 
4,9-diene-syn-lf,syn-12-dio/ (10a): To a stirred suspension of LiAIH4 
(9.0 g, 237.2 mmol) in  dry THF (500 ml), lert-butyl alcohol (52.7 g, 
71 1.7 mmol) in dry THF (500 ml) is added dropwise under N2. After 
15 min to this suspension a solution of 8 (15.0 g, 53.5 mmol) in dry 
THF (500 ml) is added slowly at room temp. After 3 h water (9 ml), 
then aqueous NaOH (9 ml, 15%), and again water (27 ml) are 
added, the mixture is then stirred till the grey colour disappears 
and dried with MgS04 (20 g). The inorganic salts are removed by 
filtration, the solution is washed repeatedly with CH2C12/THF and 
the organic phase concentrated in vacuo. The resultant mixture of 
isomers 9a/10a (1 : 10) is dissolved in CH,Cl,/methanol (1 : 2), fil- 
trated over a small pad of charcoal (5 cm), and concentrated in 
vacuo. The solid residue is crystallized from CHzCIJmethanol (1 : 1): 
10.5 g (83%), m.p. 202°C. - IR (KBr): 5 = 3260 (OH), 3060 
(arc-H), 2950 (C-H), 2900 (C-H), 1100 (C-0)  cm I .  - UV 
(CH3CN): h,,, ( E )  = 279 nm (SOO), 272 (840). - 'H NMR (CDC13/ 
CD30D 1:l): 6 = 7.04 und 6.92 (AA'BB', 3'-, 4'-, 5'-, 6'-H), 4.59 
(m, 9-, 10-H), 3.87 (m, 12-H), 3.44 (m, 11-H), 3.34 (m, 3-, 6-H), 3.08 
(m, 2-, 7-H), 2.39 (m, I-, 8-H). 

C16Hlh02 (240.3) Calcd. C 79.97 H 6.71 
Found C 79.72 H 6.70 

Etherifcation qf9allOa: A suspension of sodium hydridc (3.6 g, 
80% in mineral oil, 120 mmol) i s  washed in a NZ atmosphere with 
n-hexane and dried in vacuo. Aftcr addition of dry THF (200 ml), 
a suspension of 9a/10a (1 : 10) (12.0 g, 49.9 mmol) in methyl iodide 
(21.3 g, 149.9 mmol) and THF (200 ml) are added slowly, and the 
mixture is stirred for 12 h. After hydrolysis by careful addition of 
water (100 ml) at O"C, the mixture is extracted with CH2C12 (4 x 
100 ml). The organic phase is washed with water, dried (MgS04), 
and concentrated. From methanol pure 10b (10.7 g, 80%) crystal- 
lizes. Additional 10b (500 mg, 4%) and 9b (1.1 g, 8%) are obtained 
by chromatography of the mother liquor (SOz, cyclohexane/ether 
3: 1). 

( 1  a,2fi,3a,6a,7P,8a j -anti-1 1 ,syn-12-Dimethoxy-4,5-benzotetracy- 
cl0[6.2.l.f~~~.d~~/dodeca-4,9-diene (9 b): Colourless crystals, m.p. 
63-64°C (methanol). - IR (KBr): S = 3060 (arc-H), 3040 
(arc - H), 3020 (arc  - H), 2960 (C - H), 2950 (C - H), 2920 (C - H), 
1100 (C-0) cm-'. - UV (CH3CN): h,,, (E) = 278 nm (680), 272 

3'-, 4'-, 5'-, 6-H), 4.69 (m, 9-, 10-H), 3.57 (m, 11-H), 3.32 (s, OCH,), 
3.29 (m, 12-H), 3.26 (m, 3-, 6-H), 3.12 (s, OCH3), 2.92 (m, 2-, 7-H), 
2.83 (m, 1-, 8-H). - ',C NMR (CDC13, 100.6 MHz): 6 = 142.2 

(C-ll), 96.7 (C-12), 57.0 (OCH,), 56.3 (OCH,), 47.4 (C-3, -6), 46.9 

( 1  a,2P,3~,6a,7P,Clct j-syn-i l,syn-12-Dimethoxy-4,5-benzotetracy- 
clo f6.2.i .1"~6.02~7]dodeca-4,9-diene (10 b): Colourless crystals, m.p. 
71 "C (methanol). - IR (KBr): 0 = 3060 (arc - H), 3030 (arc - H), 
2980 (C-H), 2920 (C-H), 1100 (C-0) cm-I. - UV (CH3CN): 
h,,, (E) = 279 (620), 273 (670). - 'H NMR (CDCIJ: 6 = 7.04,6.92 

(730), 266 sh (550). - 'H NMR (CDC13): 6 = 7.00, 6.92 (AA'BB', 

(C-4, -5), 126.5 (C-4, -5'), 126.2 (C-9, -lo), 122.9 (C-3', -6'), 100.2 

(C-1, -8), 40.9 ((2-2, -7). 

(AABB', 3'-, 4'-, 5'-, 6'-H), 4.68 (m, 9-, 10-H), 3.48 (m, 12-H), 3.29 
(s, OCH,), 3.24 (s, OCH,), 3.24 (m, 3-, 6-H), 3.20 (m, 2-, 7-H), 3.04 
(m, 1 1-H), 2.54 (m, I-, 8-H). - 'H NMR (C,D,J: 6 = 7.00 und 6.82 
(AA'BB', 3'-, 4'-, 5'-, 6'-H), 4.81 (m, 9-, 10-H), 3.48 (m, 3-, 6-H), 3.43 
(m, 12-H), 3.15 (m, 2-, 7-H), 3.10 (m, 13-H), 3.07 (s, OCHg), 3.01 (s, 
OCH3), 2.53 (m, 1-, 8-H). - ',C NMR (CDC13, 100.6 MHz): 6 = 
143.2 (C-4, -5), 127.9 (C-9, -lo), 126.4 (C-4', -5'), 122.7 (C-3', -6'), 
99.0 (C-12), 98.1 (C-ll), 56.3 (OCHJ, 55.9 (OCH,), 46.9 (C-3, -6), 
44.5 ( G I ,  -8), 43.0 (C-2, -7). 

CI8H2"O2 (268.3) Calcd. C 80.56 H 7.51 
9b Found C 80.41 H 7.32 

10b Found C 80.31 H 7.45 

(la,Za,3/1,6B,7~,81,9P, IUa,13x,l4P)-3,4,5,6- Tetrachloro-syn-15, 
syn-i 7-dimethoxy-i f J 2 -  hertzohrxmcyclo f 6.6.1 .1'~'.l'"'3.U2~7.0y~'4]- 
heptudecn-4,f 1-dien-16-one Dimethyl Acetal(l1): A solution of 10b 
(35.0 g, 0.13 mol) and 2 (37.9 g, 0.14 mol) in xylene (10 ml) is heated 
under NZ at 140°C for 48 h (total conversion, NMR monitoring). 
After cooling to 80"C, the solution is diluted with methanol (50 ml) 
and then cooled with stirring to 0°C to give 11 (54.7 g, 79%) as 
colourless crystals, m.p. 193°C. Additional 11 (3.5 g, 5%) is ob- 
tained by chromatography of the mother liquor (Si02, CH,C12/ 
CCI4). - IR (KBr): 0 = 2960 (C-H), 2910 (C-H), 2855 (C-H), 
2810 (C-H), 1110 (C-0) cm-'. - 'H NMR (CDCI?): 6 = 7.24 
(AA'BB', 3'-, 4'-, 5'-, 6'-H), 3.84 (m, 15-H), 3.34 (s, OCH,), 3.33 (m, 
lo-, 13-H), 3.33 (m, 17-H), 3.32 (s, OCH,), 3.26 (s, OCH3), 3.14 (m, 
9-, 34-H), 3.10 (s, OCH,), 2.41 (rn, 1-, 8-H), 2.26 (s, 2-, 7-H). 

CzsHzoC1404 (532.3) 
Calcd. C 56.41 H 4.92 CI 26.64 
Found C 56.18 H 4.89 C1 26.38 

( 1  a,22,3P,6P,7a,8a,9P,I Oa,l3~,14~)-syn-15,syn-l7-Dimethoxy- 
f i,l2-henzohexacyclo[6.6.1 .f3~0.1'"~'3.U2~7.U9~'4heptadeca-4,i i-dien- 
16-one Dimethyl Acetal(13): To a boiling, efliciently stirred solution 
of 11 (46.0 g, 86.4 mmol) and tut-butyl alcohol (64.0 g, 0.86 mol) 
in dry THF (600 ml) sodium (24.0 g, 1.04 mol) is added in small 
pieces against a stream of N2 in such portions (3-5 g each) as to 
ensure constant boiling of the reaction. Then the mixture is heated 
to reflux for 24 h, the remaining sodium forming a clotted mass. 
The mixture is cooled to room temp., diluted with PE 30/50 
(400 ml), poured on ice (ca. 1 kg) and extracted repeatedly with 
ether. The combined organic phases are thoroughly washed with 
water, dried (MgS04), and concentrated in vacuo to give an oily 
raw mixture of 12/13 (ca. 1 :4). After addition of methanol 13 (20.5 g, 
60%) crystallizes, m.p. 143 "C. Chromatography of the mother li- 
quor (Si02, etherln-hexane 1 : 1) gives additional 6.5 g (19%). - IR 
(KBr): F = 3060 (arc-H), 3030 (arc-H), 2960 (C-H), 2940 
(C-H),2870(C-H),2810(C-H), IlOO(C-0) cm-'. - 'H NMR 
(CDC13): 6 = 7.17 and 7.13 (AA'BB', 3'-, 4'-, 5'-, 6'-H), 6.10 (m, 
4-, 5-H), 5.14 (m, 15-H), 3.31 (s, OCH,), 3.27 (m, lo-, 13-H), 3.27 (m, 
17-H), 3.17 (s, OCH3), 3.04 (m, 9-, 14-H), 2.89 (s, OCH,), 2.64 (s, 
OCH,), 2.51 (m, 3-, 6-H), 2.22 (m, 1-, 8-H), 1.84 (m, 2-, 7-H). - I3C 
NMR (CDCl,, 20.2 MHz): 6 = 144.5 (C-11, -12), 135.8 (C-4, -5), 
125.7 (C-4, -59, 123.4 (C-3', -6), 120.8 (C-l6), 99.9 (C-17), 92.7 
(C-l5), 56.7 (OCH,), 56.4 (OCH?), 51.9 (OCH3), 49.7 (OCH,), 49.1 
(C-2, -7)*, 47.3 (C-10, -13)*, 43.5 (C-3, -6)*, 42.1 (C-I, -8)*, 39.8 
(C-9, -14)*. 

C25HiU04 (394.5) Calcd. C 76.1 1 H 7.67 
Found C 75.89 H 7.52 

(1 a,2a,3P,6P,7a,8a,9P,i~a,13a,14P) -syn-lS,syn-l7-Dimethoxy- 
I f  .12-benzohexacyclo[6.6. I .  13~6.1"'~'3.02~7.09~'4]~~e~tade~a-4,1 1 -&en- 
16-one (14): A solution of 13 (20.0 g, 50.7 mmol) in CH2Clz (250 ml) 
is stirred with sulfuric acid (250 ml, 30%) at room temp. for 16 h. 
The organic phase is washed with watcr and satd. NaHCO? solu- 
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tion, dried (MgS04), filtrated over a short pad of silica gel, and 
concentrated in vacuo at 40°C to give 16.3 g (92%) of colourless 
crystals, m.p. 148°C (dec.) (ether/hexane 1:l). - IR (KBr): 0 = 

282O(C-H), 1785(C=O), 1760(C=O), lIlO(C-O)cm-'. - 'H 
NMR (CDCI,): 6 = 7.19 and 7.08 (AABB', 3'-, 4-, 5'-, 6'-H), 6.43 
(m, 4-, 5-H), 4.76 (m. 15-H), 3.38 (m, 17-H), 3.32 (m, lo-, 13-H), 3.30 
(s, OCH3), 3.16 (s, OCH,), 3.10 (m, 9-, 14-H), 2.66 (m, 3-, 6-H), 2.39 
(m, I-, 8-H), 1.77 (m, 2-, 7-H). - l3C NMR (CDC13, 20.2 MHz): 

123.8 (C-3', -6'), 99.6 (C-17), 91.4 (C-15), 56.9 (OCH3), 56.4 (OCH,), 

('-'$ -8)*. C23H2403 (348.4) Calcd. C 79.28 H 6.94 
Found C 79.00 H 6.83 

2990 (C - H), 2960 (C - H), 2950 (C - H), 2920 (C - H), 2860 (C - H), 

6 = 198.1 (C-16), 143.9 (C-11, -12), 133.6 (C-4, -9, 126.1 (C-4', -5'), 

51.8 ((2-3, -6), 47.1 (C-10, -13)*, 44.6 (C-2, -7), 43.8 (C-9, -14)*, 37.7 

(1  a,2~,3a,6a,7~,8a,Ya,14a)-syn-l5,syn-16-Dimethoxy-4,5-benzo- 
pentacyclo[6.6.i .i3~6.02~7.09~14]he~adeca-4,f0,i2-triene (15) 

a) A solution of 14 (16.0 g, 45.9 mmol) in CC14 (500 ml) is heated 
to reflux for 8 h, then cooled to room temp., filtrated through silica 
gel (100 g), and concentrated in vacuo to give 13.4 g (91%) of col- 
ourless crystals (n-hexane). 

b) A solution of 13 (7.0 g, 17.7 mmol), p-toluenesulfonic acid 
(150 mg, 0.9 mmol), and H 2 0  (0.5 ml) in butanone (30 ml) is heated 
to reflux for 16 h, then cooled to room temp., diluted with CH2C12 
(100 ml), washed with satd. NaHC03 solution (3 x 50 ml), dried 
(MgS04), and concentrated in vacuo. The residue is filtrated 
through silica gel (CC4) to give colourless crystals (5.4 g, 95%), 
m.p. 154°C (n-hexane). - IR (KBr): 0 = 3020 (arc-H), 2930 
(C-H),2880(C-H),2820(C-H), l l lO(C-0)  cm-I. - 'HNMR 
(CDC13): 6 = 7.19 and 7.10 (AABB', 3'-, 4'-, 5'-, 6-H), 5.45 (AA'BB', 
11-, 12-H), 5.11 (AABB, lo-, 13-H), 4.10(m, 15-H), 3.38 (m, 16-H), 
3.34 (m, 3-, 6-H), 3.31 (s, 2 OCH3), 3.09 (m, 2-, 7-H), 2.02 (m, I-, 8- 
H), 1.90 (m, 9-, 14-H). - "C NMR (CDCI,, 20.2 MHz): 6 = 143.4 

(C-11, -12), 99.5 (C-16), 93.9 (C-15), 57.2 (OCH,), 56.4 (OCH3), 48.9 
(C-4, -5), 128.6 (C-10, -13), 126.1 (C-4', -5'), 123.8 (C-3', -6'), 121.1 

(C-9, -14), 47.5 (C-3, -6), 43.2 ((2-2, -7), 33.8 (C-I, -8). 
C22H2402 (320.4) Calcd. C 82.46 H 7.55 

Found C 82.19 H 7.36 
Dehydrogenation of15 A mixture of 15 (12.0 g, 37.5 mmol) and 

Pd/C (120.0 g, 5%, Engelhard), homogenized by a ball mill, in three 
glass ampoules (3 x 25 cm) is repeatedly evacuated (lo-' Torr) 
and vented with N2 and then, in a light stream of N2, heated to 
200°C for 20 min in a preheated oil bath. The mixture is then 
extracted continuously with ethyl acetate for 12 h, the organic 
phasc filtrated through solid K2C03 (20 g) and concentrated in 
vacuo to give a brown oil (9.5 - 1 1.5 g), which is dissolved in ether/ 
cyclohexane (1 : 3). The solution is filtrated through silica gel (ca. 
I00 8). After concentration in vacuo the crude solid material is 
crystallized from methanol to give 17 (5.4-6.6 g, 45-55%) as col- 
ourless crystals (methanol). Chromatography of the mother liquor 
(SO2, ether/cyclohexane 1 : 3) provides 250- 500 mg (2- 5%)  of 18 
(Rf = 0.72) and 1.8-2.0 g of a mixture of hydrogenation products 
(R,  = 0.48). From this mixture 0.7 - 1.0 g (6- 8%) of 16 is obtained 
as colourless crystals (methanol). 

(lcl,2~,3a,6a,7~,8a,Ya.14a)-syn-l5.syn-16-Dimethoxy-4.5-benzo- 
penta~yclo[6.6.1.1'".~~~.09."/hexadec-4-ene (16): M.p. 142 "C (rneth- 
anol). - IR (KBr): 3 = 2960 (C-H), 2920 (C-H), 2850 (C-H), 
2820 (C-H), 1110 (C-0)  cm-'. - 'H NMR (CDC13): 6 = 7.18 
and 7.07 (AA'BB', 3'-, 4-, 5'-, 6'-H), 4.04 (m, 15-H), 3.41 (m, 16-H), 
3.33 (s, OCH,), 3.31 (m, 3-, 6-H), 3.30 (s, OCH,), 3.00 (m, 2-, 7-H), 
1.91 (m, 1-, 8-H), 1.34 (m, 9-, 14-H), 0.95-0.77 (m, lo-, 11-, 12-, 

13-H)- C22H2802 (324.5) Calcd. C 81.44 H 8.70 
Found C 81.71 H 8.89 

( 1  a,28,3a,6a, 7p,8a) -syn-f l,syn-i2-Dimethoxy-4,5;9,fO-dibenzotet- 
racycl0[6.2.1.f~~~.0~~~/dodeca-4,9-diene (17): M.p. 161 "C (methanol). 
- IR (KBr): P = 3010 (arc-H), 2950 (C-H), 2870 (C-H), 1100 
(C-0) cm-'. - UV (isooctane): I,,,,,, (E) = 287 nm (3301,264 (1230), 
257 (910), 228 (3440); E~~~ = 900. - 'H NMR (CDCl,): F = 6.59 (m, 
3'-, 3 - ,  4-, 4 - ,  5'-, 5"-, 6'-, 6"-H), 3.42 (m, 2-, 7-H), 3.34 (s, 2 OCH-,), 
3.29 (m, 1-, 3-, 6-, 8-H), 3.20 (m, 11-, 32-H). - ',C NMR (CDCI,, 

124.2 (C-3', -3", -6, -6), 99.4 (C-11, -12), 56.3 (2 OCH3), 47.5 (C-I, 
-3, -6, -8), 40.7 (C-2, -7). - MS: m/z (Yo) = 318 (12) [M'], 171 (75), 
146 (96), 75 (100). 

20.2 MHz): 6 = 141.3 (C-4, -5, -9, -lo), 126.1 (C-4', -4"j -5', -5"), 

C22H2202 (318.4) Calcd. C 82.98 H 6.96 
Found C 82.81 H 6.89 

( 1 a,2/l,3~,6a,7~,8a)-l l-syn-Methoxy-4.5;9.lO-dibenzotetracyclo- 
[6.2.1.13".02~7Jdodeca-4,9-diene (18): Colourless crystals, m.p. 108 "C 
(methanol). - IR (KBr): 3 = 3060 (arc-H), 3000 (C-H), 2950 
(C-H), 2900 (C-H), 2860 (C-H), 1100 (C-O)cm-'. - UV 
(isooctane): La, (E) = 287 nm (310), 264 (1020), 257 (750), 228 (2680). 
- 'H NMR (CDCI,): 6 = 6.62 and 6.55 (m, 3'-, 3 - ,  4'-, 4 - ,  5'-, 
5 - ,  6'-, 6-H), 3.34 (s, OCH3), 3.28 (m, 2-, 7-H), 3.26 (m, I-, 8-H), 3.21 
(m, 3-, 6-H), 3.20 (m, 11-H), 2.07 (dm, 12s-H), 1.80 (dm, 12a-H). - 
13C NMR (CDC13, 20.2 MHz): 6 = 145.1 (C-4, -5), 140.5 ((2-9, -lo), 
126.1 (C-4, -5'7, 125.4 (C-4, -S), 124.3 (C-3", -63, 123.4 (C-3', -6'), 
99.2 (C-ll), 59.1 (C-12), 56.3 (OCH3), 47.9 (C-1, -8)*, 46.2 (C-3, -6)*, 
43.3 (C-2, -7)*. - MS: m/z (%) = 288 (12) [M'], 171 (loo), 116 (53). 

C21H200 (288.4) Calcd. C 87.46 H 6.99 
Found C 87.81 H 6.89 

anti-15,anti-19- Dimethoxyoctacyclo[f 2.5.1 .02~7.02~'3.07~'8.0"'3. 
08~16.0'7~2~]i~osa-3,5,9,1f-te~raene (19): A solution of 17 (15.0 g, 47.1 
mmol) in cyclohexane (spectroscopic grade, 1.6 1) in 10 quartz tubes 
(3 x 50 cm), purged with N2 for 10 min, closed with a septum, is 
irradiated for 12 h (75: 25 equilibrium mixture; 'H NMR) in a Ray- 
onet reactor with 254-nm light. Concentration in vacuo and chro- 
matography on silica gel (7 x 60 cm, ether/petroleum ether 1 : 3) 
gives in the first fraction pure 17 (11.2 g, 75%, RI = 0.50), in the 
second pure 19 (3.5 g, 23%, R, = 0.34), colourless crystals, m.p. 
170-171°C (n-hexane). - IR (KBr): 3 = 3050 (arc-H), 3020 
(arc-H), 2970 (C-H), 2920 (C-H), 2820 (C-H), 1100 
(C-0) cm-'. - UV (isooctane): I,,,,,, (E) = 290 nm (2400), 255 
(2350), 215 (1830). - 'H NMR (CDC13): 6 = 5.74 (AA'BB', 4-, 5-, 
lo-, 11-H), 5.21 (AA'BB', 3-, 6-, 9-, 12-H), 4.19 (m, 15-, 19-H), 3.36 
(s, 2 OCH3), 3.15 (m, 17-, 20-H), 2.32 (m, 1-, 14-, 16-, 18-H). - ',C 
NMR (CDC13, 20.2 MHz): 6 = 125.5 (C-4, -5, -10, -ll),  123.8 (C-3, 
-6, -9, -12), 91.7 (C-15, -19), 61.2 (C-2, -7, -8, -13), 57.4 (2 OCH,), 
56.5 (C-1, -14, -16, -18), 51.7 (C-17, -20). - MS (CI, NHJ: m/z (%) 
= 336 (35) [M+ + 181, 287 (18), 255 (46), 171 (48), 146 (36), 75 
(100). - M S  m/z (%) = 318 (1) [M'], 171 (75), 146 (96), 75 (100). 

Photolyses of 19 A nitrogen-saturated solution of pure tetraene 
19 (50 mg) in cyclohexane (20 ml) is irradiated with the 254-nm 
light for 3 h to give the above (25: 75) mixture with 17 ('H NMR). 
After irradiation of such a solution with light >280 nm (high-pres- 
sure Hg lamp, Pyrex filter) for 3 h 17 is isolated quantitatively ('H 
NMR). 

C22H2202 (318.4) Calcd. C 82.98 H 6.96 
Found C 82.69 H 6.90 

anti-16,anti-21 -Dimethoxyundecacyclo[l1 .9.0.01~6.02~'4.02~20.03~8. 
07~'2.09~'4.0'3~'7.0'5~19.018.22 ]docos-l0-ene-anti-4,anti-5-dicarboxylic 
Anhydride (23): A yellow solution of 19 (3.1 g, 9.7 mmol) and maleic 
anhydride (MA) (3.0 g, 30.0 mmol) in dry toluene (15 ml) is heated 
to 100°C under N2 for 16 h, the solution becoming gradually col- 
ourless. Concentration in vacuo, removal of excess MA at 8OoC/15 
Torr and crystallization from methanol gives 23 (4.0 g, 100%), col- 
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ourless crystals, m.p. 208-209°C. - IR (KBr): F = 2980 (C-H), 

1620 (C=C), 1230 (C-0), 1100 (C-0)cm-I. - 'H NMR 
(CDC13): 6 = 6.13 (m, lo-, 11-H), 3.76 (m, 21-H), 3.60 (m, 16-H), 
3.30 (m, IS-, 19-H), 3.30 (s, OCH3), 3.22 (s, OCH3), 3.03 (m, 4-, 5- 
H), 2.72 (m, 9-, 12-H), 2.37 (m, 3-, 6-, 20-, 22-H), 2.18 (m, 15-, 17- 
H), 2.03 (m, 7-, 8-H). - "C NMR (CDC13, 20.2 MHz): 6 = 173.4 

2, -13, -14), 57.2, 57.1 (2 OCH,), 56.6 (C-18, -19), 46.2,44.6, 44.5 (C- 

MS: m/z (%) = 416 (84) [M'], 171 (46), 146 (IOO), 131 (47), 103 
(35), 75 (23). 

anti-1 6,unti-21 -Dimethoxyundecacyclo[ 1 1.9.0.0'~6.02~'4.U2~20.03~x. 

1) Two-step Procedure: a) To a solution of 23 (5.0 g, 12.0 mmol) 
in methanol (75 ml) KOH (2.5 g, 44.6 mmol) in H 2 0  (10 ml) is 
added and the mixture heated in a bomb tube with a pressure relief 
valve to 120 "C for 12 h. The clear solution is concentrated in vacuo, 
the semisolid residue dissolved in H 2 0  (50 ml) and the solution 
heated to 50- 6 0 T ,  stirred, acidified with hydrochloric acid to 
pH 1, cooled to 0°C and the granular residue removed by filtration. 
The solution is washed with dist. H 2 0  and dried in vacuo (24 h, 
lo-' Torr, P205) to give a mixture of diacids 24 as a beige powder 

2950(C-H),2910(C-H),2880(C-H), 1855(C=O), 1770(C=O), 

(2 C=O), 129.9 (C-10, -ll),  93.3, 92.3 (C-16, -21), 58.8, 54.5 (C-1, - 

7, -8, -15, -17, -20, -22), 38.4, 38.3, 33.3 (C-3, -4, -5, -6, -9, -12). - 

07.12.09./4 013.17 15 I Y  18.22 . .O .O Idocosa-4,lO-diene (25) 

(5.1 g, 98%). 

b) Degradation with Lead Tetraacetate: To a solution of24 (1.0 g, 
2.3 mmol) in dry pyridine (15 mi) dried lead tetraacetate (2.0 g, 4.5 
mmol) is added. After warming to 70- 80°C for 10 min, then cool- 
ing to room temp. the solution is added to nitric acid (50 ml, 10%) 
and the mixture extracted repeatedly with CH2C12. The organic 
phase is washed with satd. NaHC03 solution, dried (MgS04), fil- 
trated through silica gel, and concentrated in vacuo. The uniform 
solid residue is crystallized from ether to give 25 (220 mg, 28%). 

b') Degradation with &(I)  Oxide: A mixture of 24 (5.1 g, 11.8 
mmol), Cu20 (3.7 g, 25.9 mmol) and 2,2'-bipyridine (4.1 g, 26.2 
mmol) in quinoline (25 ml) is stirred under Nz at 155°C for 2 h, 
then at 385°C for 48 h. After cooling to room temp., CH2C12 
(100 ml) is added. After filtration, the solution is washed three times 
with dild. hydrochloric acid, then with satd. NaHC03 solution, 
dried (MgS04), filtrated through silica gel (3 x 10 cm, cyclohexane/ 
ethyl acetate 4: 1, Rr = 0.32). After evaporation in vacuo the solid 
material is crystallized from ether: 25 (2.2 g, 54%). 

2) One-step Procedure: A mixture of anhydride 23 (1.0 g, 2.4 
mmol), 2,2'-bipyridine (410 mg, 2.6 mmol), Cu20 (740 mg, 5.2 
mmol), H 2 0  (2 ml), and quinoline (10 ml) is heated with stirring to 
140°C for 16 h and, after removal of H 2 0  by distillation, to 185°C 
for additional 36 h. Workup as above and crystallization gives 25 
(460 mg, 56%), colourless crystals, m.p. 224°C (ether). - IR (KBr): 

(C-H), 1620(C=C), 110O(C-0) cm-'. - 'H NMR(CDC1,):S = 
6.16 (m, 4-, 5-, lo-, 11-H), 3.69 (m, 16-, 21-H), 3.24 (s, 2 OCH3), 3.21 
(m, 28-, 19-H), 2.68 (m. 3-, 6-, 9-, 12-H), 2.19 (m, 15-, 17-, 20-, 22- 
H), 1.84 (m, 7-, 8-H). - I3C NMR (CDC13): 6 = 131.1 (C-4, -5, 

0 = 2990 (C-H), 2950 (C-H), 2930 (C-H), 2870 (C-H), 2820 

-10, -1 I), 93.0 (C-16, -21), 58.2 (C-1, -2, -13, -14), 56.9 (2 OCH?), 56.7 
(C-18, -19), 50.8 (C-7, -8), 45.8 ((2-15, -17, -20, -22), 38.0 (C-3, -6, 
-9, -12). - M S  W Z / Z  (%) = 344 (98) [M'], 280 (14), 197 (58), 147 
(49), 146 (loo), 131 (37), 115 (35). 

4 h, then at 0°C cautiously aqueous NaOH (40 ml, 15%) and then 
H202 (26 ml, 30%) are added (exothermic reaction). The mixture is 
stirred at 0°C for 1 h and at room temp. for 16 h. 

a) After addition of Na2S03 (3.0 g) the mixture is stirred at room 
temp. for 15 min. The phases are separated, the aqueous phase is 
extracted repeatedly with THF, and the combined organic phases 
are concentrated in V ~ C U O  at 25°C. The solid residue (7.5 g), con- 
sisting of diols 26 (ca. 1 : 1) and inorganic salts, is used without 
further purification. 

b) The aqueous phase is saturated with K2C03 (40.0 g) and ex- 
tracted continuously with CH2C12 for 24 h. Concentration in V ~ C U O  

and crystallization of the residue from methanol provide the mix- 
ture of diols as colourless crystals (3.8 g, 86%), m.p. r320"C. - 
IR (KBr): a = 3460 (OH), 2990 (C-H), 2950(C-H), 2880(C-H), 
2820 (C-H), 1100 (C-0) cm '. - 'H NMR (CD,OD): 6 = 3.86 
(m. 16-, 21-H), 3.83 [m, 4-, lO(l1)-HI, 3.31 (s, 2 OCHJ, 3.24 (m, 
IS-, 19-H), 2.87 (m, 8'-H), 2.62 (m, 7-, 8-H), 2.36 (m, 7'-H), 2.25 and 
2.21 (m, 15-, 17-, 20-, 22-H), 1.92 [m. 5s-, lO(l1)s-HI, 1.73 and 1.66 
(m, 3-, 6-, 9-, 12-H), 1.49 [m, 5a-, 1qll)a-HI; in the 'H NMR 
spectrum the 7-, 8-H signals of the C2 isomer (# )  are sufficiently 
separated to allow integration. 

C24H2804 (380.5) Calcd. C 75.76 H 7.42 
Found C 75.45 H 7.35 

C,(C2)-anti-16,anti-21 -Dimethoxyundecacycl0[11.9.0.0~~~.0~~~~. 

a) To the crude residue from the hydroboration reaction (ca. 11.6 
mmol, mixture of isomers 26 with inorganic salts), dissolved in 
aqueous acetone (750 ml, 25%), within 30 min a mixture of Cr03 
(4.0 g, 40.0 mmol), H 2 0  (10 ml), and conc. H2SO4 (12 ml) is added 
at room temp. The mixture is stirred for 2 h, then CH2CI2 (750 ml) 
is added, the phases are separated, and the aqueous phase is ex- 
tracted with CH2ClZ (2 x 250 ml). The combined organic phases 
are washed with H20 and satd. NaHC03 solution (until dccoloura- 
tion), dried (MgS04) and concentrated in vacuo to give isomcric 
dioncs 27 (ca. 1 : 1) (4.1 g, 94% based on 25) as colourless crystals. 

b) To a suspension of 26 (300 mg, 0.79 mmol), isolated by ex- 
traction, in aqueous acetone (100 ml, 25%) a mixture of CrO, 
(220 mg, 2.1 mmol), H20 (1 ml), and conc. H2S04 (0.25 ml) is added 
within 30 min. Workup as above gives 27 (290 mg, 97%), m.p. 
213-215°C (mixture). - IR (KBr): F = 2950(C-H), 1710(C=O), 
1100 (C-0) cm-I. - 'H NMR (CDCI,): 6 = 3.74 (m, 16-, 21-H), 
3.40 (m, 18-, 19-H), 3.28 (s, 2 OCHJ, 3.06 (m, 8'-H), 2.84 (m, 7-, 8- 
H), 2.63 (m, 7'-H), 2.50-2.20 [series of m, 3-, 5-, 6-, 9-, ll(l0)-, 

02,20,03,8 . 07.12 . 0Y.14 . 0 / 3 , / 7  . 0/.i.l5 . 0f8.22 ]dacosu-4,10(ll)-diones (27) 

12-, 15-, 17-, 20-, 22-H]. 

C24H2404 (376.4) Calcd. C 76.57 H 6.43 
Found C 76.35 H 6.38 

C,( C2) -5,ll (10)-Bis (diazo) -anti-1 6,anti-21-dimethoxyundecacy- 
. . . . . . . Idocosa-4,l 0- 

(11)-diones (28): A suspension of sodium hydride (2.1 g, 50% in 
mineral oil, 43.0 mmol) is repeatedly washed with hexane, then a 
solution of 27 (4.0 g, 10.6 mmol) in dry THF (200 ml) and thereafter 
methyl formate (2.6 g, 43.3 mmol) are added. The reaction is started 
by the addition of a small amount of methanol (0.1 ml). Two ad- 
ditional portions of methyl formate (2.6 g, 43.3 mmol) are added 
after 2 and 6 h, resp., and the reaction mixture is stirred at room 
temp. under N2 for 12 h [total conversion, TLC control; ethyl ac- 
etate, Rr(28) = 0.471. Then acetic acid (3.2 ml) and, after dilution 

e ~ o [ ~ ~ . 9 , ~ , 0 f . 6 , ~ 2 , 1 4  02.20 03.8 @I2 0 9 , / 4  013,f7 015.19 018.22 

C,(C2)-nnti-16,anti-21 -Dime thoxyundecacyc l0~11 .9 .0 .0~~~ .0~~~~ .  
02~20.O3~X.07~'2.Uy~~4.0f3~17.0f5~15.0f~~2z~~o~osa-anti-4,anti-l0(ll)-diols 
(26): To a solution of 25 (4.0 g, 1 I .6 mmol) in dry THF (500 ml) a 
borane-THF complex (EGA, 1 M in THF, 26 ml, 26.0 mmol) is 
added under N2 at 0°C. The mixture is stirred at room temp. for 

with CH2CI2 (40 ml), triethylamine (6.4 ml) and p-toluenesulfonyl 
azide (5.0 g, 25.4 mmol) are added. The mixture is stirred at room 
temp. in the dark for 6- 8 h for total conversion (TLC control; with 
FeCI3 no violet colouration), then diluted with CHZCl2 (500 ml), 
washed with satd. NaHC03 solution (3 x 150 ml) and H 2 0  (3 x 
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100 ml), dried (MgS04), and concentrated in vacuo. The yellow, 
oily residue is crystallized from methanol: 28 (3.1 g, 68%); yellowish 
crystals, m.p. 200°C (dec.). Additional 1.1 g (24%) is obtained by 
filtration of the mother liquor through silica gel (ethyl acetate). - 
IR (KBr): 5 = 2950 (C-H), 2080, 1654 (C=O), 1380, 1100 
(C-0) ern..'. - C,-28: 'H NMR (CDC13): 6 = 3.82 (m, 16-, 21- 
H), 3.41 and 3.38 (m, 18-, 19-H), 3.28 (s, 2 OCHJ, 3.18 (d, 6-, 12- 
H), 2.97 (dt, &H), 2.93 (dt, 7-H), 2.66 (d, 3-, 9-H), 2.45 (m, 1 5 ,  17-, 
20-, 22-H). - I3C NMR (CDCI3, 100.6 MHz): 6 = 193.3 (C-4, -lo), 

(2 OCH,), 56.7 (C-1, -13), 56.4 (C-18, -19), 50.2 (C-8)*, 49.3 (C-3, 

C2-28: 'H NMR (CDCI,, 400 MHz): 6 = 3.82 (m, 16-, 21-H), 3.38 
(m, 18-, 19-H), 3.28 (s, 2 OCH3), 3.11 (m, 6-, 9-H), 2.94 (m, 7-, 8-H), 
2.77 (m, 3-, 12-H), 2.45 (ni, 15-, 17-, 20-, 22-H). - I3C NMR (CDCI,, 
100.6 MHz): 6 = 193.3 (C-4, - l l) ,  92.0 (C-16, -21), 59.6 (C-2, -13), 

92.0 (C-16, -21) 59.6 (C-I, -2, -13, -14) 58.4 (C-5, -12)', 57.3 

-9), 49.2 (C-7)', 45.6 (C-15, -20), 44.8 (C-17, -22), 35.3 (C-6, -12). - 

58.7 (C-4, -lo), 57.3 (2 OCH,), 56.7 (C-1, -14), 56.4 (C-18, -19), 49.7 
((2-7, -8), 48.7 (C-3, -12), 45.2 (C-15, -37)*, 45.1 (C-20, -22)*, 36.1 
(C-6, -9). 

C24H20N404 (428.4) 
Calcd. C 67.28 H 4.71 N 13.08 
Found C 67.03 H 4.48 N 12.77 

Photolysis of 28: 25 ml of a solution of 28 (2.0 g, 4.7 mmol) in 
CH2C12 (50 ml) is added to dry methanol (1 1). After saturation with 
N1, the pale yellow mixture is irradiated with a 450-W Hg high- 
pressure lamp at room temp. (Pyrex filter) whcrcupon a crystalline 
material slowly precipitates. After complete decolouration of the 
solution (ca. 3 -4 h), the second 25 ml of the 28-solution is added 
and irradiated to complete decolouration. The precipitate is re- 
moved by filtration (pure 30, 1.1 g, 53%). Concentration of the 
solution in vacuo and crystallization from CH2C12/methanol give 
additional 100 mg ( 5 % )  of 30. Subsequent chromatography of the 
mother liquor (silica gel, CH2CI2/ethyl acetate 2:  1) yields 31 
(165 mg, 8%, RI  = 0.61) and 30 (390 mg, 19%, Rr = 0.55). Thus, 
the total yield of 30 amounts to 77%. 

D i m e t h y l  anti-f4,anti-19-Dimethoxyundecacyclo[9.9.U.O1~5.O2~'2, 
. . . . jicosane-syn-4,syn-Y-dicarboxylnte 

(30): Colourless crystals, m.p. 276°C (methanol). - IR (KBr): 5 = 
2980 (C-H), 1725 (C=O), 125O(C-0), 1105 (C-0)  cm-'. - 'H 
NMR (CDC13, 400 MHz): cf. Table 1.  - 13C NMR (CDC13, 100.6 
MHz): cf. Tablc 1. - MS: m/z (%) = 436 (79) [M'], 405 (181, 376 
(16), 285 (l l) ,  239 (34), 128 (24), 115 (37), 75 (100). 

o 2 , 1 8 ~ ~ 3 , 7 , ~ ~ , 1 ~ 1 ~ X , / Z ~ 1 1 , 1 5 ~ 1 3 . 1 7 ~ 1 6 . 2 0  

C26H2XOh (436.5) Calcd. C 71.54 H 6.46 
Found C 71.22 H 6.40 

D i m e t h y l  anti-14,anti-19-Dimethoxyundec~cyclo[9.9.O.0~~~~.0~~~~. 
U2~'X.03~7.06~1".0X~'Z.011~15.013~17.016~2" Jicosane-syn-4,anti-Y-dicarboxylate 
(31): Colourless crystals, m.p. 195°C (methanol). - IR (KBr): P = 

1110 (C-0)  cm-'. - 'H NMR (CDC13, 400 MHz): 6 = 3.96 (m, 
14-H), 3.65 (s, OCH,), 3.64 (s, OCH3), 3.51 (m, 19-H), 3.29 (s, OCH,), 
3.23 (s, OCH3), 3.22 (m, 16-, 17-H), 3.02 (m, 6-, 7-H), 2.95 (m, 4-H), 
2.85 (m, 9-H), 2.73 (m, 3-, 5-H), 2.50 (m, 8-, 10-H), 2.38 (m, 13-, 15- 

2970(C-H), 2950(C-H), 2820(C-H), 1725 (C=O), 124O(C-0), 

H), 2.34 (III, 18-, 20-H). - 13C NMR (CDCI,, 100.6 MHz): 6 zz 
173.7 (CO,CH3), 173.2 (COZCH,), 93.5 (C-14), 93.4 (C-l9), 61.7 (C- 
1, -2)*, 60.6 (C-11, -12)*, 58.9 (C-4), 57.5 (C-9), 57.5 (C-6, -7), 57.2 
(2 OCH,), 55.9 ((2-16, -17), 51.5 (COZCH,), 51.4 (CO,CH,), 44.9 (C- 
8, -lo), 44.8 (C-13, -15), 44.4 (C-18, -20), 44.3 (C-3, -5). - MS: m/z 
(%) = 436 (100) [M'], 405 (14), 376 (6), 285 (6), 253 (5), 221 (7), 
158 (7), 128 (6), 115 (lo), 75 (25). 

D i m e t h y l  anti-14,anti-19-Dihydroxyundecu~yclo(Y.9.0.O'~~.O~~~~. 
O'~'x.o"~7.O~~'o.O8~'~.O'1~1s.O13~17.O'~~2"~icosane-syn-4,syn-9-dicarboxylate 
(32a): To a solution of 30 (200 mg, 0.46 mmol) in CDCI, (3 ml) 
freshly distilled iodotrimethylsilanc (0.15 ml, 1.2 mmol) is added at 

0°C in the dark with exclusion of moisturc. After 4 d (NMR mon- 
itoring) at 0°C methanol (0.5 ml) is added, the slowly precipitating 
32a removed by filtration (160 mg, 85%) and the solution concen- 
trated in vacuo. Chromatography of the oily residue on silica gel 
(CH,Cl,/cthyl acetate 4: 1) yields additional 32a (20 mg, 8%), total 
of 93% of colourless crystals, m.p. > 320°C. - IR (KBr): P = 3420 
(OH), 2960 (C-H), 1725 (C=O), 1710 (C=O), 1240 (C-0)  cm-'. 
- 'H NMR (CD,OD/[D,]DMSO): 6 = 3.79 (m, 14-, 19-H), 3.58 
(s, 2 OCH,), 3.21 (m, 16-, 17-H), 2.88 (m, 4-, 9-H), 2.77 (m, 6-, 7-H), 
2.52 (m, 3-, 5-, 8-, 10-H), 1.98 (m, 13-, 15-, 18-, 20-H). 

C&406 (408.5) Calcd. C 70.58 H 5.92 
Found C 10.32 H 5.99 

Dimethyl anti-l4.anti-l9-Bis(phenylsu(fonyloxy)undecacyclo- 

9-dicarboxylate (32c): A solution of 32a (65 mg, 0.16 mmol) and 
benzenesulfonyl chloride (135 mg, 0.76 mmol) in dry pyridine (3 ml) 
is stirred under N2 at room temp. for 24 h. After addition of H 2 0  
(50 ml) the mixture is extractcd with CH2CI2, the organic phase 
washed with dild. hydrochloric acid and satd. NaHCO, solution, 
dried (MgS04), and concentrated in vacuo. Chromatography on 
silica gel (CH2CI2) yields 32c (92 mg, 85%), m.p. 255-2256°C. - 
IR (KBr): 0 = 2940 (C-H), 2885 (C-H), 1715 (C=O), 1365 
(-SO2-), 1240 (C-0), 1185 (-S02-)cm-". - 'H NMR 
(CDCI,): 6 = 4.64 (m, 14-, 19-H), 3.70 (s, 2 OCH3), 3.19 (m, 16-, 
17-H), 2.85 (m, 4-, 9-H), 2.80 (m. 6-, 7-H), 2.64 (m, 3-, 5-, 8-, 10-H), 
2.21 (m, 13-, 15-, 18-, 20-H). 

[9.9,0,~1..7,02,12 . 0 2 , I X  . 0.'.7 . 06.10 . 08.12 . ~11 .1 .~  . 013.l7 . 016.20 ]icosane-syn-4,syn- 

CxH320ioS2 (688.8) 
Calcd. C 62.78 H 4.68 S 9.31 
Found C 62.58 H 4.57 S 9.28 

D i m e t h y l  anti-1 4,anti-l9-Diiodoundecacyclo[9.9.O.O'~5.02~'2.02~'8. 

A solution of 30 (270 mg, 0.65 mmol) and iodotrimethylsilane 
(0.8 ml, 6.5 mmol) in CHCI, (15 ml) is heated to reflux for 24 h in 
the dark with the exclusion of moisture. To the cooled ( O T ) ,  deep 
red mixture methanol (2 ml) and then a solution of diazomethane 
in ether is added, the mixture becoming colourless and then, with 
a small excess of CH2N2, slightly yellow. Concentration in V ~ C U O  

and chromatography of the residue on silica gel gives 370 mg (91 %) 
of colourless crystals; m.p. 221 -223°C. - IR (KBr): 0 = 2970 
(C-H), 2945 (C-H), 1725 (C=O) cm-'. - 'H NMR (CDCI,, 400 
MHz): 6. Table 1. - I3C NMR (CDCI,, 100.6 MHz): cf. Table 1. 
- MS: m/z (%) = 628 (50) [M+], 501 (84), 469 (5), 441 (4), 374 
(45), 314 (12), 191 (100). 

D i m e t h y l  anti-l4,anti-l9-Dibromoundecacyclo[9.9.O.V'~'.~2~12.~~'H. 

A solution of 33 (200 mg, 0.32 mmol) in dry CH2CI2 (100 ml) is 
stirred with bromine (4 ml, 78.1 mmol) at room temp. for 24 h 
(exclusion of moisture). Concentration in vacuo, filtration of the 
residue through silica gel (CH,CI,) and crystallization (CH2CIZ) 
gives 34 (135 mg, 79%); m.p. 235-236°C. - IR (KBr): P = 2970 
(C-H), 2940 (C-H), 1725 (C=O) cm-'. - 'H NMR (CDC13, 400 
MHz): 6 = 3.84 (m, 14-, 19-H), 3.65 (s, 2 OCH3), 3.59 (m, 16-, 17- 
H), 2.91 (m, 4-, 9-H), 2.81 (m, 6-, 7-H), 2.75 (m, 3-, 5-, 8-, 10-H), 2.60 
(m, 13-, 15-, 18-, 20-H). - l3C NMR (CDCI,, 100.6 MHz): 6 = 

14, -19), 57.8 (C-4, -9), 57.7 (C-6, -7), 51.9 (2 OCH3), 48.5 (C-13, -15, 
-18, -20), 43.9 (C-3, -5, -8, -10). - MS: m/z (Yn) = 536 (64), 534 
(IOO), 532 (63). 

Dimethyl 14,~9-Dioxoundecacycl0[9.9.~.~'~~~.~~~'~.O~~~~.O~~~.O~~~~.0S'~~~. 

a) To a suspension of finely powdered 32a (200 mg, 0.49 mmol) 
in aqueous acetonc (100 ml, 25%) a mixture of Cr03 (140 mg, 1.40 

@ ~ , 7 ~ 0 6 , 1 0 ~ ~ X . i . ?  . 01l.l.i . 013.17 . ()16.20 ]icosane-syn-4,syn-Y-dicarboxylate (33): 

03,7,06.10 . 08.12 . 011.1s . (113.17 . 016.20 /icosane-syn-4,syn-9-dicarboxylate (34): 

173.0 (2 COZCH,), 62.8 (C-1, -2, -11, -12), 69.1 (C-16, -17), 58.6 (C- 

~ 1 1 . / 5 ~ ~ 1 3 , 1 7  . 01"2" Jicosnne-syn-4,syn-9-dicurboxylate (35) 
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mmol), H 2 0  (0.6 ml), and concd. H2SO4 (0.12 ml) is added dropwise. 
The mixture is stirred at room temp. for 1 h, diluted with CH2CI2 
(100 ml) and the aqueous phase extracted with CHzClz (3 x 50 ml). 
The combined organic phases are washed with H20,  satd. NaHC03 
solution, dried (MgS04), and concentrated in vacuo: colourless crys- 
tals (184 mg, 94%) (CHzClz/methanol 1: 1). 

b) The crude reaction mixture (0.46 mmol) obtained from the 
ether cleavage with iodotrimethylsilane (without addition of meth- 
anol) is added to aqueous acetone (100 ml, 3: 1) and worked up as 
abovc. After chromatography (silica gel, cther/CH2CI2 1 :2, RI = 
0.65) and crystallization 35 (163 mg, 88%) is isolated, m.p. 
315-316°C. - IR (KBr): 0 = 2980 (C-H), 1770 (C=O), 1720 
(C=O), 1230 ( C - O ) m - ' .  - 'H NMR (CDClS 400 MHz): 6. 
Table 1. - 'C NMR (CDCI,, 100.6 MHz): cf. Table 1. - MS: 
m/z (%) = 404 (35) [M'], 348 (loo), 229 (28), 228 (17), 165 (45), 

'15 (38). C24H2006 (404.4) Calcd. C 71.27 H 4.98 
Found C 70.99 H 4.92 

centration leaves a solid residue, which is dissolved in CH2CI2 
(200 ml). The solution is washed repeatedly with 50% NaCl solu- 
tion and stirred with conc. HCI (100 ml) for 16 h to give an emul- 
sion. The organic phase is washed with satd. NaHC03 solution (2 
x 50 ml), dried (MgS04), and concentrated. The solid residue is 
crystallized from CH2C12/ether (1 : 1) to give 37 (280 mg, 39%). Fil- 
tration of the mother liquor through AIZO3 (2.0 g, neutral, ethyl 
acetate) and crystallization provide additional 350 mg (49%, total 
yield 88%), colourless crystals, m.p. 219-220°C. - IR (KBr): f = 

(C-0) cm-'. - 'H NMR (CDC13, 400 MHz): cf. Table 1. - I3C 
NMR (CDC13, 100.6 MHz): cf. Table 1. - MS: m/z (YO) = 348 (49) 
[M'], 292 (21), 145 (23), 131 (16), 115 (34), 103 (2X), 75 (100). 

2980 (C-H), 2960 (C-H), 2890 (C-H), 1760 (C=O), 1105 

syn-4,syn-9,anti-l4,anti- 19- Tetramethoxyundecacyclo f 9.9.0.0'~'. 
OZ~'2."Y~7.06~'0.~~'2.O' '~ '5 .O'3~'7.O'~~m]icosane (38 b): To a suspen- 
sion of LiA1H4 (20 mg, 0.52 mmol) in dry THF (10 ml) a solution 
of 37 (100 mg, 0.29 mmol) in THF (2 ml) is added slowly under 
N2. The mixture is heated to reflux for 1 h, then H 2 0  (0.02 ml), 
aqueous NaOH (0.02 ml, l5%), and H 2 0  (0.06 ml) are cautiously 
added, and the mixture is stirred at temp. until complete de- 
colouration of the grcyish suspension. After addition of CHZCIz 

Dimethyl C2(Cs)-anti-l4,anti-19-Dimethoxy-anti-4,anti-9-bis(me- 
thylthi~)~ndec~cyclo(9.9.U.U'-'.~~'Z.d~''.d~7.06~'0.~~'z.U''~'5.O'3~'7.O'6M]- 
icosane-syn-4.syn-9-dicarboxylate (Atropisomers) (36) 

a) To a solution Of 30 (l.o g, 2.3 mmol) in dry THF (300 ml) is (20 ml) and MgSOI (50 mg) the inorganic salts are removed by 
added under NZ at 0°C a solution Of lithium diisopropylamide filtration, and the residue is washed repeatedly with CH2C12. After 
(LDA), prepared from diisopropylamine (0.9 mh 6.2 mmol) and n- 
butyllithium (2.5 ml of a 2.4 M solution in hexane, 6.0 mmol) in 

methyl disulfidc (0.5 ml, 5.5 mmol) is added in one portion. From 
the clear solution 36 begins to crystallize. The mixture is stirred for 
1 h and concentrated in vacuo to 20 ml. The resultant solid material 
is sucked Off and dissolved in CH2C12 (100 ml). The solution is 
washed with 5 %  HC1 (3 50 ml) and satd. NaHC03 solution, 
dried (MgS041, filtrated through A1203 (2.0 g) (neutral), and con- 
centrated in vacuo. The solid residue is crystallized from ether to 
give 36 (1.1 g, 94%). 

is added under N2 at -78°C a solution of LDA (0.2 ml, 1.4 mmol) 
[from diisopropylamine (0.2 ml, 1.4 mmol) and n-butyllithium (0.58 
ml of a 2.4 M solution in hexane, 1.4 mmol)], and the mixture is 
stirred at the =me temp. for 5 h. The reaction is quenched at 
- 30°c with dimethyl disulfide (0.13 ml, 1.4 mmol) and worked up 

concentration in VacUO the colourless solid (98 mg, 96%) is sus- 
pended in dry THF (10 ml) and methyl iodide (125 mg, 0.87 mmol) 

NaH, in mineral oil, o,7 mmol; repeatedly washed with n- 
hexane) in THF temp, for 24 h. Excess 
of sodium hydride is hydrolyzed by addition of H20 ml), the 
aqueous phase (3 20 ml) washed with CH~CI?,  and the com- 
bined organic phases are dried (MgSO,) and concentrated. Crys- 
tallization from hexane Bves 96 mg (87%) of B b ,  m.p. 
155- 1560c, - IR (KBr): = 2960 (C-H), 2850 (C-H), 2815 
(C-H), 1110 (C-0), 1100 (C-0)  cm-.'. - 'H NMR (CDCI,): 

m/z (%) = 380 (100) [M'], 365 (4), 348 (6), 333 (4), 189 (12), 159 

THF (30 ml) at -30°C. After stirring at  room temp. for 3 h, di- and added dropwise to a suspension of sodium hydride (21 mg 

ml) and stirred at 

b) To a solution Of 3l  @OO mg, 0.46 mO1) in dry THF (50 ml) cf, Table 1, - "C NMR (CDCI,, 100.6 MHz): cf, Table 1, - MS: 

5),  75 (32). 

anti-l4,anti-1 9-Dia~etox~undecac~c10(9.9.U.O~-~.d~'~.0~~''.~~~.06~'*. 
~~'2.0J'~'5.0f3~f7.0'~~2"]icosan~-~,9-d~one (40~) :  A solution of 37 (100 

as above. After crystallization from ether colourless crystals 
(190 mg, 82%) are obtained, m.p. 261 -262°C. - IR (KBr): Q = 
2970 (c-H), 2810 (C-H), 1710 ( c = o ) ,  1250 (c-o), 1111) 
( c - 0 )  cm-'. - 'H NMR (CDCI,, 400 MHz): 8 = 3.71 (s, 
2 OCH,), 3.66 (m, 6-H)", 3.58 (m. 6-, 7-H), 3.56 (m, 14-, 19-H), 3.51 
(m, 7 - ~ ) * ,  3.23 (s, 2 OCH,), 3.20 (m, 16-H)*, 3.19 (m, 16-, 17-H), 
3.15 (m, 17-H)*, 2.78, 2.77, 2.63, 2.62 (m, 3-, 5-,  8-, 10-H), 2.35, 2.30 
(m, 13-, is-, 1 8-, 20-H), 2.16 (s, 2 SCH~). - NMR (CDCI~, 100.6 
MHz): 6 = 171.3 (2 C02CH3), 92.8 (C-14, -19), 69.5 (C-4, -9), 62.5, 
62.3, 62.1, 61.8 (C-1, -2, -11, -12), 58.8, 56.5 (C-6, -7)", 57.7 (C-6, 
-7), 57.2 (2 OCH~), 55.8, 55.3 (c-16, -17), 55.5 (c-16, -t7), 51.9 
(2 OCH,), 47.6, 47.5, 46.9, 46.6 (C-4, -5, -8. -lo), 44.3, 44.2, 44.1 
(C-13. -15, -18. -20). 14.4 (2 SCH3. 

mg, 0.29 mmoV in HBdacetic acid (5 mL 33%) and acetic anhy- 
dride (5  ml) is heated in a closed tube (slight excess pressure) to 
120°C for 16 h. The volatilc components are distilled offin vacuo 
to a large extent, the residue is dissolvcd in CHZCl2 (30 ml) and 
the solution washed with HzO (3 x 20 ml) and satd. NaHCO3 
solution (3 x 20 ml), dried (MgS04), and concentrated. Chro- 
matography of the residue on silica gel (ether/CHzClz 1 :2) gives 
75 mg of an oily mixture. From etherhexanc 4Oc (60 mg, 51%), 
colourless crystals, m.p. 302-304"C, are obtained. - IR (KBr): 
f = 2990 (C-H), 1760 (C=o). 1730 ( c = o ) ,  1250 (c-0) at-'. 
- 'H NMR (CDC13, 400 M W :  8 = 4.94 (m, 14-, 1 9 - 4  3.51 (m, 
16-. 17-Hh 3.36 (m, 6-, 7-H). 2.65 (m, 13-, 1% 18-. 20-H), 2.32 (m, 
3-, 5-, 8-, 10-H), 2.05 (s, 2 OCOCH,). - "C NMR (CDC13, 100.6 

anti-il,anti- 19-Dimethoxyundecacy~lo[9.9.U.O'-'.d~'~.d~'~.d~~.6~'". 
0"~J2.0"~".U"~17.0/6.2U]icosane-4,9-dione (37): A mixture of 36 (1.1 g, 
2.2 mmol) and KOH (600 mg, 10.7 mmol) in ethylene glycol (60 ml) 
is heated to reflux undcr N2 for 24 h and then concentrated in vacuo 
to ca. 10 ml. At room temp., acetic acid (0.63 ml, 11 .O mmol) and 
methanol (100 ml) are added, the mixture is stirred for 10 min and 
then NaHCOl (1.3 g, 15.5 mmol) is added. After additional 15 min 
it is diluted with methanol/CHzClz (1 : 1) (100 ml), then N-chloro- 
succinimide (1.18 g, 8.8 mmol) is added and the mixture stirred at 
room temp. for 4-6 h (total conversion, TLC monitoring). Con- 

MHz): 6 = 208.8 (C-4, -9). 170.3 (2 OCOCH3), 85.8 (C-14, -19), 
59.9 (C-1, -2, -11, -12), 57.2 (C-16, -17), 47.5 (C-6, -7), 45.4 (C-3, 
-5 ,  -8, -lo), 44.8 (C-13, -15, -18, -20), 20.9 (2 CH3). 

C24H2006 (404.4) Calcd. C 71.27 H 4.99 
Found C 71.05 H 5.03 

anti-1 4,anti-19-Dihydroxyundecacyclo f 9.9.0.0'~5.02~12.02~18.03~7.06~J0. 

mg, 0.12 mmol) and K2C03 (5 mg, 0.03 mmol) in dry methanol 
(20 ml) is stirred at  room temp. for 16 h. After addition of a cation 
exchanger (AG 50W-X8,100-200 mesh, hydrogen form, 100 mg) 

011.12 . ~ f I J 5  . 0/3./7 . 016.20 ]icosane-4,9-dione (40a): A solution of 40c (50 
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the solution is stirred till it becomes slightly acidic (pH 5-6). 
Filtration, drying, and concentration in vacuo (lo-' Torr) leaves 
a scarcely soluble, colourless powder. This is used for the subse- 
quent oxidation. After crystallization from CH2C12/methanol col- 
ourless crystals of 40a (35 mg, 91"/0), m.p. > 320"C, are obtained. 
- IR (KBr): 3 = 3450 (OH), 2950 (C-H), 1760 (C=O) cm-'. - 
'H NMR ([D6]DMS0, 400 MHz): S = 3.97 (m, 14-, 19-H), 3.46 
(m, 16-, 17-H), 3.31 (m, 6-, 7-H), 2.24 (m, 13-, 15-, 18-, 20-H), 2.15 
(m, 3-, 5-, 8-, 10-H). - I3C NMR ([D,]DMSO, 100.6 MHz): S = 
207.0 (C-4, -9), 83.4 (C-14, -IS), 59.7 ((2-1, -2, -11, -12), 56.7 (C-16, 
-17), 47.1 (C-6, -7), 46.9 (C-13, -15, -18, -20), 45.2 (C-3, -5, -8, -10). 

C20Hlh04 (320.3) Calcd. C 74.98 H 5.03 
Found C 75.39 H 4.82 

Collins Oxidation of40a: To a mixture of dry pyridine (0.24 ml, 
3.0 mmol) and dry CH2CI2 (20 ml), CrOl (150 mg, 1.5 mmol, pow- 
dered and dried in vacuo) is added with stirring with exclusion of 
moisture. The mixture is stirred for additional 10 min. To this 
homogeneous, deep red solution the crude 40a (ca. 0.12 mmol) is 
added. After stirring at room temp. for 1 h, the solution is decanted 
from the black, tarry residue and the latter washed with CH2C12 
(50 ml). The combined organic phases are filtered through florid 
(2 cm; the florid is washed with 20 ml of dry ether) and conccn- 
trated in V ~ C U O  to give 40 mg of raw material, consisting mainly 
of hydrates of 41. 

Acetnl Formation: 40 mg of the scarcely soluble oxidation prod- 
uct is suspended in methanolJbenzene (1 : 1) (20 ml) and, after ad- 
dition of p-toluenesulfonic acid (10 mg), heated to reflux for 48 h. 
The mixture is then diluted with CH2C12 (20 ml), washed (2 x 
10 ml satd. NaHC03 solution), dried (MgS04), and concentrated. 
Chromatography of the residue on silica gel (CH2CI2/ether 2: 1; 
Rr = 0.46) gives a crystalline mixture of bisacetals 43b and 44b 
(7:4, 35 mg, 74%). 

1- ~ ~ ~ ~ ~ n ~ e c a c y c ~ o [ y ~ ~ , ~ , ~ l , S , ~ 2 , l 2 ~ . l 8 ~ . 7 ~ ~ , l O ~ ~ . l 2  . . . . . ~ l l J 5  . o13,17016,20 . 
icosane-4,9,14,tY-tetrone Y,i9-Bis(dimethyl acetal) (43b): 'H NMR 
(CDCl,, 400 MHz): 6 = 3.18 (m, 6-, 7-, 16-, 17-H), 3.28 (s, 2 OCH3), 
3.07 (s, 2 OCH,), 2.63 (m, 3-, 5-, 13-, 15-H), 2.28 (m, 3-, 5-, 18-, 20- 
H). - MS: i.a. m/z (%) = 409 (26), 408 (100) [M'], 393 (46), 254 
(91). 

C2r- Undecacyclo[ Y.9.0.0'~5.0~~12.02.1x.03".~16."2.0''~'~~ . .  Oi-7,'70'",2" 1- 
icosane-4,9,14,19-tetrone 14.19-Bis(dirnethyl acetal) (44b): A solu- 
tion of 40c (50 mg, 0.12 mmol) in methanol (20 ml), after addition 
of p-toluenesulfonic acid (10 mg, 0.06 mmol), is heated to reflux for 
48 h (TLC monitoring, CH2C12/ether/methanol 3: 2: 1). The solu- 
tion, after addition of K2C03 (10 mg, 0.07 mmol), is concentrated 
in vacuo. Thc residue is dried (lop1 Torr, P20s), suspended in 
CH2CI2 (10 ml) and treated with Collins reagent analogously to 
40a. Workup and chromatography on silica gel (CH,Cl,/ether 2: 1; 
Rr = 0.46) give 44b (43 mg, 88% based on ~OC) ,  colourless crystals, 
m.p. >320"C. - IR (KBr): 3 = 2954 (C-H), 1760 (C=O) cn-'. 
- 'H NMR (CDC13, 400 MHz): cf. Table 1. - "C NMR (CDC13, 
100.6 MHz): cf. Table 1. - MS: La. m/z (YO) = 409 (27), 408 (100) 
[M'], 393 (45), 254 (97), 203 (30). 

CZ4Hz4O6 (408.4) Calcd. C 70.57 H 5.92 
Found C 70.49 H 5.98 

(1 c(,ZP,3a,651,7P,8~) -syn-11,anti- 12- Dimethoxy-4,5-benzotetracy- 
clo[6.2.1. t3~'..0*.']d~deca-4,9-diene (48): Cf. 10 b. Colourlcss crystals, 
m.p. 71-73°C (methanol). - IR (KBr): 3 = 3070 (arc-H), 3020 
(arc-H), 3010 (arc-H), 2990 (C-H), 2970 (C-H), 2920 (C-H), 
2890 (C-H), 1175 (C-0)cm-I. - UV (CH3CN): h,,, (E) = 
278 nm (680), 272 (720), 266 (540, sh). - 'H NMR (CDCI,): F = 
7.05, 6.97 (AA'BB', 3'-, 4'-, 5'-, 6'-H), 4.66 (m, 9-, 10-H), 3.96 (m, 

12-H), 3.39 (m, 3-, 6-H), 3.22 (s, OCH3), 3.18 (s, OCH3), 2.89 (m, 
11-H), 2.88 (m. 2-, 7-H), 2.60 (m. I-, 8-H). 

C18H2002 (268.3) Calcd. C 80.56 H 7.51 
Found C 80.29 H 7.35 

(la,2~,3a,6a,7~,8a)-unti-l1 ,syn-l2-Dimethoxy-4,5:Y,lO-dibenzo- 
tetracyclo[6.2.l.f 3,6.02~7]dodeca-4.9-diene (49): Cf. 17. Colourless 
crystals, m.p. 121 "C (methanol). - IR (KBr): 3 = 3060 (arc-H), 
3040 (arc - H), 3020 (arc - H), 2960 (C - H), 2920 (C - H), 2870 
(C-H), 2820 (C-H), 1100 (C-0)  cm-I. - UV (isooctane): h,,, 
( E )  = 287 nm (320), 265 (1150), 257 (950), 229 (3200). - 'H NMR 
(CDCI3): 6 = 6.60 (m, 3'-, 3"-, 4- ,  4 - ,  5'-, 5"-, 6-, 6-H), 3.98 (m, 
32-H), 3.41 (m, 3-, 6-H), 3.31 (s, OCH,), 3.31 (m, I-, 8-H), 3.13 (m, 
2-, 7-H), 3.07 (s, OCH3), 3.04 (m, 11-H). - 13C NMR (CDCI3, 20.2 
MHz): S = 141.6 (C-9, -lo)*, 140.5 (C-4, -5)*, 126.2 (C-4, - 4 ,  -5', 
-5"), 124.8 (C-3', -6), 124.3 (C-Y, -6), 101.7 (C-ll)**, 97.1 (C-12)*', 
56.8 (OCH3), 56.3 (OCH3), 49.2 (C-I, -8)***, 48.1 (C-3, -6)***, 38.7 

(c-2' C22H2202 (318.4) Calcd. C 82.98 H 6.96 
Found C 82.72 H 6.95 

syn-l5,anti-t9-Dinaethoxyoctacyclo[l 2.5.1.@7.02~'3.07~f8.08.'3.08.'6. 
0i7,20]icosa-3,5,9,1 1-tetruene (50): Cf. 19. Colourless crystals, m.p. 
134-135°C (n-hexane). - IR (KBr): C = 3020 (arc-H), 2990 
(C-H), 2960 (C-H), 2840 (C-H), 1100 (C-0)  cm-'. - UV 
(isooctane): h,,, (E) = 286 nm (2100), 272 (2200), 261 (2300). - 
'H NMR (CDCI,): 6 = 5.77 (AA'BB', 4-, 5-,  lo-, 11-H), 5.32 
(AA'BB', 9-, 12-H), 5.21 (AA'BB', 3-, 6-H), 4.13 (m, 19-H), 4.01 (m, 
15-H), 3.34 (s, OCH3), 3.26 (s, OCH3), 2.78 (m, 17-, 20-H), 2.56 (m, 
14-, 16-H), 2.28 (rn, I-, 18-H). - I3C NMR (CDC13, 20.2 MHz): 6 = 

125.8 (C-10, -ll)*, 125.6 (C-4, -5)*, 123.6 (C-3, -6)*, 122.8 
(C-9, -12)*, 89.8 (C-15)*, 89.4 (C-19), 63.4 (C-8, -13), 60.6 (C-6, -7), 
57.5 (OCH,), 57.5 (OCH,), 56.1 ((2-1, -18)*, 55.7 (C-14, -16)*, 49.0 
(C-17, -20). 

C22HZZ02 (318.4) Calcd. C 82.98 H 6.96 
Found C 83.15 H 6.85 

syn-16,anti-Zl -Dimethoxyundecacyclo[ 1 1 .9.0.0'~6.02~14.02~2".03~8.07~i2. 

dride (51): Cf. 23. Colourless crystals, m.p. 222 - 223 "C. - IR (KBr): 

(C=O), 1630(C=O), 122O(C-0), 11OO(C-0) cm-'. - 'H NMR 
(CDCl,): 6 = 6.07 (m, lo-, 11-H), 3.73 (m, 21-H), 3.60 (m, 16-H), 
3.28 (s, OCH,), 3.04 (m, 4-, 5-H), 3.04 (s, OCH3), 2.96 (m, 18-, 19- 
H), 2.74 (m, 9-, 12-H), 2.41 (m, 3-, 6-H), 2.36 (20-, 22-H), 2.32 (m, 
15-, 17-H), 2.05 (m, 7-, 8-H). - I3C NMR (CDCl,, 20.2 MHz): S = 

(C-I, -2, -13, -34), 57.4, 55.5 (2 OCH3), 53.4 (C-18, -19), 46.2, 45.0, 

-12). - MS: m/z (%) = 416 (100) [M'], 171 (22), 146 (72). 

( I  a,28,3~,6a,7P,8a,9a,l4a) -syn-16-tert-Butoxy-syn-15-methoxy- 
4,5-benzopentacycl0[6.6.1.1~~~.0~~~.O~~~~]hexadeca-4,10,12-triene (52): 
Cf. 15. Colourless crystals, m.p. 149°C (n-hexane). - IR (KBr): 0 = 
3020 (arc-H), 2960 (C-H), 2930 (C-H), 2880 (C-H), 2800 
(C-H), 1110 (C-0)  cm-'. - 'H NMR (CDC13): S = 7.19, 7.10 

lo-, 13-H), 4.08 (m, 15-H), 3.55 (m, 16-H), 3.34 (s, OCH,), 3.21 (m, 
2-, 7-H), 3.10 (m. 3-, 6-H), 2.00 (m, 1-,  8-H), 1.88 (m, 9-, 14-H), 1.17 
[ s ,  Oc(cH4-11. 

~ 9 . / 4 , ~ 1 3 . / 7  . .  0'5.19 018.22 I d  cos-l0-ene-anti-4,anti-5-dicarboxylic Anhy- 

Q = 2960 (C-H), 2910 (C-H), 2880 (C-H), 1885 (C=O), 1780 

173.6 (2 C=O), 128.8 (C-10, -ll), 90.9, 89.2 ('2-16, -21), 61.1, 54.0 

44.6 (C-7, -8, -15, -17, -20, -22), 38.6, 38.5, 33.2 (C-3, -4, -5, -6, -9, 

(AA'BB', 3'-, 4'-, 5'-, 6'-H), 5.45 (AA'BB', 11-, 12-H), 5.16 (AA'BB', 

C25H3oO2 (362.5) Calcd. C 82.83 H 8.34 
Found C 82.69 H 8.36 

CAS Registry Numbers 

131974-38-4 / 8: 132974-39-5 19a :  131974-40-8 19b:  132074-32-9 1 
10a: 132074-33-0/10b: 122133-97-5111: 131974-41-9/ 12: 131974- 

2: 2207-27-4 1 3: 54164-27-1 1 5 :  72448-17-0 1 6:  231974-37-3 ,I I: 
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42-0 ,f 13: 131974-43-1 ,I 14: 132017-41-5 / 15: 122133-98-6 / 16: 
131974-44-2 ,I 17: 122133-99-7 118: 131974-45-3 119: 122134-00-3 
23: 122134-01-4 J 24: 131974-47-5 J 25: 122134-02-5 J 26: 131974- 
48-6 127: 131974-49-7 128: 122134-03-6 130: 122134-05-8 131: 
1222iO-81-5 32a: 122134-06-9 / 32c: 131974-46-4 / 33: 124316- 
55-8 134: 124316-49-0 135: 122134-07-0 136: 122134-08-1 137: 
122134-09-2 / 38b: 131974-50-0 J 40a: 131974-51-1 / 40c: 122134- 

52: 131974-53-3 1 maleic anhydride: 108-31-6 
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sion of his 60th birthday. 
H. Prinzbach, W.-D. Fessner, in Organic Synthesis; Modern 
Trends (0. Chizhov, Ed.), p. 23, Blackwell, Oxford 1987; W.-D. 
Fessner, H. Prinzbach, in Cage Hydrocarbons (G. A. Olah, Ed.), 
p. 353, John Wiley & Sons, New York 1990. 

2, W.-D. Fessner, Bulusu A. R. C .  Murty, J. Worth, D. Hunkler, 
H. Fritz, H. Prinzbach, W. D. Roth, P. v. R. Schleyer, A. B. 
McEwen, W. F. Maier, Angew. Chem. 99 (1987) 484; Angew. 
Chem. Int. Ed. Engl. 26 (1987) 452. 

3i G. K. S. Prakash, V. V. Krishnamurthy, R. Herges, R. Bau, H. 
Yuan, G. A. Olah, W.-D. Fessner, H. Prinzbach, J.  Am. Chem. 
Soc. 108 (1986) 836; G. K. S. Prakash, V. V. Krishnamurthy, R. 
Herges, R. Bau, H. Yuan, G. A. Olah, W.-D. Fessner, H. Prinz- 
bach, ibid. 110 (1988) 7764; T. Drewello, W.-D. Fessner, A. J. 
Kos, C. B. Lebrilla, H. Prinzbach, P. v. R. Schleyer, H. Schwarz, 
Chem. Ber. 121 (1988) 187; G. K. S. Prakash, W.-D. Fessner, G. 
A. Olah, G. Lutz, H. Prinzbach, J .  Am. Chem. SOC. 111 (1989) 
746; R. Herges, P. v. R. Schleyer, M. Schindler, W.-D. Fessner, 
ibid., in press; W. Kutzelnigg, in N M R  Basic Principles and Pro- 
qress (P. Diel, E. Fluck, H. Giinther, R. Kosfeld, F. F. Seclig, 
Eds.), vol. 23, Springer Verlag, Berlin 1990, in press. 

') H. Prinzbach, Bulusu A. R. C. Murty, W.-D. Fessner, J. Mor- 
tensen, J. Heinze, G. Gescheidt, F. Gerson, Angew. Chem. 99 
(1987) 488; Angew. Chem. Znt. Ed. Engl. 26 (1987) 457. 

'1 L. A. Paquette, Chem. Rev. 89 (1989) 1051, cited references. 
6,  W.-D. Fessner, Rulusu A. R. C. Murty, H. Prinzbach, Angew. 

Chem. 99 (1987) 482; Angew. Chem. Int. Ed.  Engl. 26 (1987) 451; 
P. R. Spurr, Bulusu A. R. C. Murty, W.-D. Fessner, H. Fritz, H. 
Prinzbach. Anaew. Chenz. 99 (19871 486: Anaew. Chem. Int. Ed. 

10-5 J 41: 122134-14-9 J 43b: 131974-52-2 / 44b: 122134-13-8 J 48: 
132074-34-1 149: 132074-35-2 150:  132074-36-3 1 51: 132074-37-4 ,I 

~. ~ 

\ I l Y  

Engl. 26 (1987f455. 
7, G. Lutz. D. Hunkler. G. Rihs. H. Prinzbach. Anaew. Chem. 101 

(1989) 307; Angew. Chem. Int,' Ed. Engl. 28 (198g) 298; G. Lutz, 
Dissertation, Univ. Freiburg, 1990. 

*) R. Pinkos, Dissertation, Univ. Freiburg, 1990 R. Pinkos, G. Rihs, 
H. Prinzbach, Angew. Chem. 101 (1989) 312; Angew. Chem. Int. 
Ed.  Engl. 28 (1989) 303. 

9, J.-P. Melder, Dissertation, Univ. Freiburg, 1990; J.-P. Melder, H. 
Fritz. H. Prinzbach. Anaew. Chem. 101 (1989) 309: Anaew. Chem. 

\ , , "  
Int. Ed. Engl. 28 (1989)"300. 
W.-D. Fessner, G. Sedelmeier, P. R. Suurr, G. Rihs, H. Prinz- 
bach, J. Am. Chem. SOC. 109 (1987) 4626. 
L. T. Byrne, A. R. Rye, D. Wege, Aust. J .  Chem. 27 (1974) 1961; 
K. B. Astin, K. J. Mackenzie, J. Chem. Soc., Perkin Trans. 1, 
1975, 1004. 
G. Sedelmeier, W.-D. Fessner, R. Pinkos, C. Grund, Bulusu A. 
R. C. Murty, D. Hunkler, G. Rihs, H. Fritz, C. Kriiger, H. Prinz- 
bach, Chem. Ber. 119 (1986) 3442. 

13) P. R. Storv. J.  Ora. Chem. 26 (19611 287: P. R. Storv. M. Saun- 
I, 

ders, J. A% C h e i .  SOC. 84 (1962) 4876. ' 
14) J. S. Newcomer. E. T. McBcc, J. Am. Chem. SOC. 71 (19491 46: 

P. G. Gassman, J.  L. Marshall, Org. Synth., Collect. Vol. 5 (1973) 
424. 
M. S. Raasch, J. Org. Chem. 45 (1980) 856. 

16) The Mackenzie group has studied the kinetics of dyotropic re- 
arrangements in systems with a 1,3-cyclohexadiene ring as 2-H 
donor and substituted norbornene elements as acceptors: K. 
Mackenzie, G. Proctor, D. J. Woodnutt, Tetrahedron 24 (1987) 
5981; J. A. K. Howard, K. Mackenzie, R. E. Johnson, K. B. Astin, 
Tetrahedron Lett. 30 (1989) 5005. 

17) P. G. Gassman, P. G. Pape, J. Org. Chem. 9 (1964) 160; P. G. 
Gassman, J. L. Marshall, Org. Synth. 48 (1968) 68. 

")E. L. Allred, G. D. Lyon, G. Stroebel, J. Am. Chem. SOC. 101 
(1979) 3415. 

19) H. Prinzbach, G. Sedelmeier, C. Kriiger, R. Goddard, H.-D. 
Martin, R. Gleiter, Angew. Chem. 90 (1978) 297; Angew. Chem. 
Int. Ed. Engl. 17 (1978) 271; G. Sedelmeier, Dissertation, Univ. 
Freiburg, 1979. 

'O) G. Sedclmeier, W.-D. Fessner, C. Grund, P. R. Spurr, H. Fritz, 
H. Prinzbach, Tetrahedron Lett. 27 (1986) 1277; J.-P. Melder, F. 
Wahl, H. Fritz, H. Prinzbach, Chimia 41 (1987) 426. 

21) Bulusu A. R. C. Murtv. P. R. Spurr, K. Pinkos, C. Grund, W.- 
D. Fessner, D. Hunkicr, H. Fritz, W. R. Roth, H. Prinzbach, 
Chimia 41 (1987) 32. 
C. Grund, bisseitution, Univ. Freiburg, 1990. 

23i T. Pracht, part of Dissertation, Univ. Freiburg, in preparation; 
F. Wahl. Didomarbeit. Univ. Freibure. 1989: R. J.  Peter. Diolom- - I .  
arbeit, Unii. Freiburg, 1991. 

24) K .  M. Weber, Didomarbeit. Univ. Freiburg, 1989. 
25)  W.-D. Fessner, G: Sedclmeier, L. Knothe, HY Prinzbach, G. Rihs, 

Z.-z. Yang, B. Kovac, E. Heilbronner, Helo. Chim. Acta 70 (1987) 
1816. 

26) M. Wollenweber, part of Dissertation, Univ. Freiburg, in prep- 
aration. 

27) W. Grimme, private communication. 
R. Gleiter, H. Zimmermann, W.-D. Fessner, H. Prinzbach, Chem. 
Ber. 118 (1985) 3856. 

29) R. Roth, R. Breuckmann, L. Figge, H.-W. Lennartz, W.-D. Fess- 
ner, H. Prinzbach, Chem. Ber. 121 (1988) 1. 

301 N.-C. Yang, B. J. Hrnjez, M. G. Horner, J. Am. Chem. SOC. 109 
(1987) 3158; N.-C. Yang, T. Noh, H. Gan, S. Halton, B. J. Hrnjez, 
ibid. 110 (1988) 5619. 

31) W. R. Rottele, W. Martin, J. F. M. Oth, G. Schroder, Chem. Ber. 
102 (1969) 3985; U. Heinze, Dissertation, Univ. Koln, 1979; C. 
Cometta-Morini, Dissertation, ETH Zurich, 2986; R. Engelke, P. 
J. Hay, D. A. Kleier, W. R. Wddt, J .  Chem. Phys. 79 (1983) 4367; 
R. Engelke, P. J. Hay, D. A. Kleier, W. R. Wadt, J.  Am. Chem. 
SOC. 106 (1984) 5439; R. Engelke, ibid. 8 (1986) 5799. 

32) A. Furusaki, N. Hashiba, T. Matsumolo, T. Aotsuka, S. Nishida, 
Bull. Chem. Soc. Jpn. 54 (1981) 1617; K. Kimura, H. Ohno, K. 
Marikawa, Y. Hiramatsu, Y. Oddira, ibid. 55 (1982) 2169; H. 
Higuchi, E. Kobayashi, Y. Sakata, S. Misumi, Tetrahedron 42 
(1986) 1731. 

33) D. Bryce-Smith, A. Gilbert, J. Mattay, Tehdwdron 42 (1986) 
6011; P. A. Wender, L. Siggel, J. M. A. Nuss, in Organic Pho- 
tochemistry (A. Padwa, Ed.), vol. 10, p. 357, Marcel Dekker, New 
York 1989. 

34)  W.-D. Fessner, C. Grund, H. Prinzbach, Tetrahedron Lett. 30 
(1989) 3133. 

3si W.-D. Fessner, Dissertation, Univ. Freiburg, 1986. 
36) F.-G. Klarner, U. Artschwager-Perl, W.-D. Fessner, C. Grund, 

R. Pinkos, J.-P. Melder, H. Prinzbach, Tetrahedron Lett. 30 
(1989) 3137. 

37i R. A. Snow, C. R. Degenhardt, L. A. Paquettc, Tetrahedron Lett. 
17 (1976) 4447. 

38) C. M. Cimarusti, J.  Wolinski, J.  Am. Chem. SOC. 90 (1968) 133. 
3yi For the original synthesis only the isolation of pagodanc-syn- 

4,syn-9-dicarboxylic ester (950/,) has becn reported. As was found 
later, 2 -4% of the syn-4p1ti-9 isomer is formed additionally*! 

40i N. L. Allinger, H. J. Geise, W. Pyckhout, L. A. Paquette, J. C. 
Gallucci, J .  Am. Chem. Soc. 11 (1989) 1106, cited references. 

41) M. E. Junp. M. A. Lvster. J.  Ora. Chem. 42 (19771 3761: W. C. 
Groutas, 6: Felker, Synthesis 1g80, 861; A. H. Schmidt, Chemi- 
ker-Ztg 104 (1980) 253. 

42i R. A. Benkeser. E. L. Mozden. C. L. Muth. J.  Ora. Chem. 44 ., 
(1979) 2184. 

43i R. Pinkos, J.-P. Melder, H. Prinzbach, Angew. Chem. 102 (1990) 
102; Angew. Chem. Int. Ed. Engl. 29 (1990) 92. 

@) J. C. Collins. W. W. Hess. Ora. Svnth. 52 (1972) 5. 
''I W. M. Coates, J. R. Corrigan; C6em. Ind. (London) 1969, 1594; 

E. J. Corey, G. Schmidt, Tetrahedron Lett. 20 (1979) 399; E. J. 
Corey, J. W. Suggs, ibid. 16 (1975) 2647; G. Piancatelli, A. Scet- 
trri, M. DAuria, Synthesis 1982, 245. 

46) R. Baker, V. B. Rao, P. D. Ravenscroft, C. J. Swain, Synthesis 
1983, 572. 

47) B. M. Trost, Y. Tamaru, J.  Am. Chem. SOC. 99 (1977) 3101. 
48i E. Buncel, B. Menon, in Comprehensive Carbanion Chemistry (E. 

Buncel, T. Durst, Eds.), Elsevier, New York 1980. 
49i B. Ganem, V. R. Small, Jr., J.  Org. Chem. 39 (1974) 3728. 
") H. Stone, H. Schechter, J. Org. Chem. 15 (1950) 491. 

A. Liittringhaus, Liebigs Ann. Chem. 528 (1937) 231. 
5 2 )  Y. Guindon, C. Yoakim, H. E. Morton, Tetrahedron Lett. 24 

(1983) 2969. 
53) S. Hanessian, Y. Guindon, Tetrahedron Lett. 21 (1980) 2305; P. 

G. Williard, C. B. Fryhle, ibid. 21 (1980) 3731. 
54) L. A. Paquette, C.-C. Shen, J.  Am. Chem. Soc. 112 (1990) 1159, 

cited rcferences. 

Chem. Ber. 124 (1991) 1271 -1289 



4,9,14,19-Tetrafunctionalized Pagodanes 1289 

R. A. Russell, D. A. C.  Evans, R. N. Warrener, Aust. J. Chern. 
37 (1984) 1699, cited references; S. Fier, R. W. Sullivan, €4. Kick- 
born, .I. Urg. Ckem. 53 (1988) 2353; cited references; A. S. Kende, 
D. P. Curran, Y. Tsay, J. E. Mills, Tetrahedron Lett. 17 (1977) 
3537. 
G. Lutz, J. Heine, H. Prinzbach, manuscript in preparation. 

57) R. Pinkos, J.-P. Melder, H. Prinzbach, Angew. Chem. 102 (1990) 
102; Angew. Chem. lnt. Ed. Engl. 29 (1990) 92; J.-P. Melder, R. 
Pinkos, H. Fritz, H. Prinzbach, Angew. Ckem. 102 (1990) 105; 
Angew. Chern. Znt. Ed. Engl. 29 (1990) 95; J.-P. Melder, H. Prinz- 
bach, G. Rihs, Tetrahedron Lett. 31 (1990) 1129; H. Irngartinger, 
U. Reifenstahl, H. Prinzbdch, R. Pinkos, K. Weber, ibid. 31 (1990) 
5459. 

[393/90] 

Chem. Ber. 124 (1991) 1271-1289 


